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EXECUTIVE SU:MMARY 

The Separationand Control Hiring Assessment(SACHA) program hasthe goal of developing a 
valid selectionprocess(i.e., test battery) for selecting air traffic controllers. Componenttasks of 
this program include job analysis,predictor development,criteria development, and validation of 
thesepredictors and criteria. Ideally, theseperformancecriteria would be based on measures 
taken from the controller's own sector. However, a controller's performance may vary depending 
on the amount of time he or shehas spentworking the sector. In addition, sectorsvary in 
complexity, and therefore, in difficulty for the controller. A standardgeneric sector could be a 
solution in that the conditions under which performanceis measuredwould be the samefor all 
participants. This would be a significant advantageover using performancemeasuredon each 
controller's home sectorwhere manyfactors suchas familiarity and sector complexity vary 
unsystematically. The questionremainsconcerningthe validity of measurementbased on generic 
airspace. Specifically, will a controller's performance in a generic airspacebe representativeof, 
and related to, performance achieved at his or her home sector. 

The generic sector evaluated in this studywas based on a four-corner post operation typically 
used in many terminal areasin the United States. Arrival aircraft originated from one of four 
arrival fixes just outside the sectorboundaries. Thesearrival routes can be thought of as spokes 
of a wheel with the main airport site asthe hub. In addition to the main airport, there were three 
satellite airports that were under radar control. Departure aircraft from the main and satellite 
airports were sent directly to one of four departurefixes located outside the sectorboundaries. 

Eleven air traffic controllers from the Atlantic City International Airport (ACY) Terminal Radar 
Approach Control (TRACON) participated in the study. The experimentwas conducted at the 
Federal Aviation Administration Technical Center'sHuman Factors Laboratory at Atlantic City 
International Airport, New Jersey. The experimentalapparatusconsistedofa high fidelity air 
traffic control (ATC) simulator with voice communication equipmentto allow controllers to issue 
commandsto remote simulation pilots. Each controller performed nine different scenariosover 2 
days of testing. The first day of testing was considereda training daywhere controllers 
performed one low traffic volume run on the ACY sectorand then four runs on the generic 
sector. Thesegeneric runs were of moderatetraffic volume. The second day was considered a 
test day where controllers performed four, I-hour runs. Two (one low volume, one high volume) 
of thesewere on the home sector and two (one low volume, one high volume) were on the 
generic sector. Low volume runs consistedof 7 aircraft appearing every 15 minutes, moderate 
traffic runs used for training consistedof 10 aircraft appearingevery 15 minutes, and high traffic 
runs consistedof 11 aircraft appearingevery 15 minutes. 

Data reflecting ATC perfonnance, workload, systemeffectiveness,and self-assessmentof 
perfonnance were collected during the simulation. Someadditional controller perfonnance 
measureswere collected using a new over-the-shoulderrating fonn in development for the 
SACHA program. Dimensions on this fonn included communicationand informing, managing 
multiple tasks, maintaining attention and vigilance, and maintaining a safeand effective traffic 
flow. Systemeffectivenessmeasuresincluded numberof controller transmissions,aircraft density, 
and number of clearancesissued. Controller workload was assessedusing the Air Traffic 
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Workload Input Technique(ATWIT} 
workload as they controlled traffic. 

The ATWIT consistedof collectingparticipants'ratingsof 

In addition to the previously describedmeasures,severalquestionnaireswere used to collect 
subjective ratings from participants. First, a demographicquestionnairewas completed that 
requestedbackground information from eachparticipant. In addition, after eachscenariowas 
finished, controllers made self assessmentratings of their own performance in a post-scenario 
questionnaire. A final questionnairewas administeredat the end of the simulation to obtain 
subjectiveimpressionsof the realismof the simulation and the representativenessof the generic 
sector. 

The results showed significantly lower ATWIT ratings by the last generic run compared to the 
first generic run on the first-day training runs. Time under control and the distance flown by the 
aircraft significantly decreasedby the last training run. Controller ratings of workload and stress 
were also significantly lower by the last generic run. In addition, post-scenario questionnaire 
ratings for ability to plan, exchangeinformation, and prioritize were significantly higher by the last 
run. 

Correlation co-efficients betweenscoreson the generic sectorand scoreson the ACY sectorwere 
significant for the over-the-shoulderratings, ATWIT ratings, and post-scenario questionnaire 
ratings. The correlation co-efficients were higher and most consistentfor the high-volume traffic 
runs. The correlation co-efficients for the systemeffectivenessvariableswere moderate and not 
consistentacrossvariables. However, when scoresfrom the high and low traffic runs were 
averagedand then correlated betweensectors, most of the correlation co-efficients increased. 
Theseruns were averagedbecausethe combinationof runs provided a larger sampleof the 
controller's performancethan either run separately. In addition, the combination of high and low 
runs provided a data point which reflected performance over a range of traffic volume. The 
results suggestthat more runs are neededto obtain significant correlation co-efficients for the 
systemeffectivenessvariables. 

Final questionnairecommentsindicated that the participants thought the simulation was very 
realistic. In addition, all participants thought the hands-ontraining for the generic sector was very 
adequate. The majority of the controllers thought the generic sectorwas representativeof a 
typical terminal environment. Most controllers expressedthat they had a positive experience 
working on the project. 

The fact that perfomlance indicators did not changeappreciablyover the four training runs is 
considereda positive finding. Generawas designedfor easeof implementation. Controllers were 
ableto learn it very quickly and work traffic with no major complications. Ideally, a generic sector 
should not pose hurdles, but rather facilitate perfomlance, aswas accomplishedby this sector. 
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1. INTRODUCTION. 

1.1 PROBLEM STATEMENT. 

Sincethe beginning of humankind, people have evaluated eachother's performance. Much of this 
evaluationwas based on individual standardsof which the evaluator may not have even been 
aware. If one asks an expert in anyfield what constitutes "good" performance, he or she may 
provide an answerthat hasmeaningfor them alone, and the responsemayor may not translate to 
the expectations of anotherexpert. 

A meetingwas convenedin June 1987 by the Federal Aviation Administration's (FAA's) Air 
Traffic Requirements (ATR) organizationto discussthe nature of air traffic controller errors, and 
their impact on operations and training. It was noted that while automation had increased,the 
numberof aircraft that a single controller could work had not increasedappreciably, and 
controllers continued to make the samesort of mistakes. Thesewere often attributed to a failure 
to perceive critical information. 

Lauber (1993, p. 23) expressedhis concern about humanperformanceissuesin Air Traffic 
Control (ATC). He stated that "human performanceissuesclearly presentthe major challengeto 
all of us. If we are to make the systemsignificantly saferwe must find ways of minimizing or 
eliminating all together, human error induced accidents." 

In 1993, there were 764 controller operational errors in the United States (FAA, 1994), a slight 
increasefrom 738 errors the previous year. The FAA is constantlytrying to reduce the 
probability of theseerrors. By developing more effective measurementtools, it may be possible 
to better understandthe true range of acceptableperformance. 

1.2 ASSUMPTIONS AND GOALS. 

When novices are taught a skill, they are trained in one of two ways. One is based on an absolute 
standardof performance that is clearly defined in advanceand easilyrecognized by anyone in the 
trade or occupation. The other method is to use a relative standardthat is based on how everyone 
elsedoes or on the trainers' understandingof what it takes to perform the task set(Berlinger, 
Angell, & Shearer1964). In this second situation, the training systemis very much dependenton 
the trainer and/or on how all the other traineesare doing. Theserelative standardsmake 
performance measurementvery complicated. There hasalso beena lack of integration between 
training theory and evaluationmodels for complex performance(Cannon-Bowers, Tannenbaum, 
Salas,& Converse, 1991). 

In ATC, there are someabsolute or minimum standardsagainstwhich everyoneis judged. One of 
the most fundamental standardsis basedon the minimum separationallowed betweenaircraft 
under positive radar control. Every controller must achievethis ifhe or sheis to stay in the 
system. Sincethis is an absolute standard,everyonewho lasts in ATC meets it or risks being 
removed. This meansthat this standardis not very useful for looking at the range of performance 
that controllers, as all humanoperators, produce. The systemhas evolved into the use of relative 
standardsemploying, asthe basic metric, an over-the-shoulderrating scalethat is opento 
considerablelatitude in interpretation (FAA, 1990). Each evaluator must introduce his or her 
experienceand biaseswhen doing a controller check ride or evaluation. 



Perfonnance is a complex construct that has seenconsiderableresearchover the years. While 
there are many definitions of perfonnance,the following is an operational definition that is 
currently being used in the researchto be discussedin this report: 

Performanceis the accomplishmentof a task or interrelated setof tasks in 
relation to a defined and specifiedstandardwhile operating within 
constraints of space,time, and resources. 

This definition meansthat a human operator is involved. The operator must accomplish 
something in relation to a specified standard. If the behavior exceedsthe standard, it is evaluated 
as successful,and if it fails to meetthe standard,it is not successful. The distance above or below 
the standarddetermines different levels of accomplishmentwithin the unsuccessfuland successful 

categoriesrespectively. 

This current experimentis basedon the assumptionthat the performanceof air traffic controllers 
can be measuredin a numberof ways. It is also basedon the belief that the quality of this 
measurementcan continue to be improved, and that this improvement is a worthwhile endeavor. 

This researchin controller perfonnance is being done for a numberof reasons. First, it is a stepto 
improve perfonnance and reducethe possibility for error. Second, it evaluatesthe feasibility of 
using airspacemodels for testing and training that the participating controllers have not seen 
before and have not over-learned with practice. The use of generic airspacecan simplify and 
reducethe cost of training and selectionif personnelare ableto perfonn aswell with it as they can 
with an over-learned environment. 

This experimentis also a stepping stone for a follow-on effort that will use video tapes collected 
during the experiment. The follow-on project will cross validate measurescollected in the 
simulation, to be describedin a latter sectionof the report. The cross validation shall examinethe 
relationship of the simulation measuresto those collected from supervisory or training controllers, 
who will evaluatethe performancesthat they seeon the video tape. 

1.3 REVIEW OF mE RELATED LITERATURE. 

Even when perfornlance standardsare absolute,clear definitions have to be agreed upon 
concerning the desirablebehavior. When the standardsare relative, they dependvery heavily on 
the trainer's internalized model of what good perfornlance is all about. 

Rault (1979) pointed out that flight crew personnel,for example, often establishan operational 
standard againstwhich they compare their own performance. They tend to judge themselvesin 
relationship to how closely their performanceresemblesthis standard. It is likely that most 
professionalsoperating in high reliability organizationshave both minimum external standardsand 
internalized personal standards. Warm and Dember (1986) expressedconcern about the level of 
alertnessof personnelwho operate complex systemsand spendmuch of their time monitoring 
data flows. Even with a great deal of motivation and a fairly high internal standard, human 
operators can lose their focus. In aviation, it does not take much, in terms of a loss of situation 
awareness(SA), to create problems. 
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While humanbeings add flexibility and adaptabilityto the system,they also add the potential for 
error. Sendersand Moray (1991, p. 1) describe,"All of us have experiencedhuman error. When 
we interact with machinesor complex systems,we frequently do things that are contrary to our 
intentions. Depending on the complexity of the systemand the intentions of the people 
interacting with it, this can be anythingfrom inconvenience(often it is not even noticed) to a 

genuine catastrophe." 

In an early comprehensivestudy of controller errors, Kinney, Spahn,and Amato (1977) analyzed 
FAA reports and developed eight categoriesof errors. Theseincluded: controlling in another's 
airspace,timing and completenessofflight data handling, inter-positional coordination of data, 
use of altitude on the display, procedures for scanningand observing flight data, phraseology and 
use of voice communications,use of humanmemory to include relying on recall in a noisy 
environment, and dependenceon automatic capabilities. 

Today, the FAA usesa different setof categoriesto classify operational errors. In the FAA 
(1988), the following categorieswere employed: radar display, communication, coordination, 
aircraft observation, data posting, and position relief By far, the most frequent source of errors 
identified was in a subclassof "radar display: the misuseof data." This category implies that 
information was availableand was either misinterpreted or inaccurately stored in working 

memory. 

Controller performance issuesare not limited to only a litany of errors made in an operational 
setting. Researchhas beenconducted for over 25 years on various ways of trying to quantify 
performance. McKenzie, Buckley, and Sarlanis(1979) conducted a study of the potential 
usefulnessof physiological indicators to evaluate controller workload. In this study, 10 
controllers watched films of a simulatedradar displa and were askedto identify potential aircraft 
conflicts. Theseconflicts occurred in two counterbalancedconditions where the aircraft volume 
differed considerably. The goal was to determineif controllers would respond physiologically to 
the differing demandsof the two conditions. Both heart rate and galvanic skin resistance(GSR) 
were measured. The results indicated that heart rate did not discriminate acrossthe two 
conditions, but GSR frequencychanges,and the areaunder the GSR plot, were significantly 
different between high and low systemdemands. 

McKenzie et al. (1979) noted that the scenariosthey createdwere extreme, and physiological 
measuresmayor may not be sensitiveunder conditions where the differencesin task demandsare 
not so diverse. Further, this exploratory study did not involve the requirements that controllers 
actually separatetraffic. They did not havethe stressesof responsibility that are characteristic of 
the control task. So, any conclusions may not necessarilygeneralizeto either an operational or an 
ATC simulation environment. 

Buckley, O'Connor, Beebe, Adams, and MacDonald (1969) conducted what may have beenthe 
first simulation study of air traffic controllers that included physiological measurement. Their 
primary focus was on the assessmentof controller performanceand its relationship to 
chronological age. However, they also collected two physiological indicators: heart rate and 
GSR. They found a relationship betweenheart rate and heart rate variability and objective 
measuresof task load, the averagedensityof aircraft under control. The correlation co-efficients 
were small, usually lessthan r=.38, but significant. The authors concluded, "Theseresults confirm 
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the hypothesis that physiological functions may be sensitiveindicators of workload" (pp 2-7). 
This was one of the studies that has beenconductedto examine controller performance and 
workload issues. 

Systemsdesignersare most concernedwith measuresof primary task performance. This canbe 
complicated by workload and other factors suchas task load, which is the demandplaced on the 
operator by the environment. When workload and performanceare measuredseparatelyacrossa 
wide range of task load, they canbe inverselyrelated to eachother as task load and workload 
increase(Stein, 1985). However, when examiningoperational errors as a performance indicator, 
there is a common finding that errors occur more frequently at lower to moderate levels of task 
load (Rodgers, 1993; Kinney et al., 1977; FAA, 1988). This finding has beendemonstratedboth 
in the United Statesand by Transport Canada(Stager& Hameluck, 1990). Rodgers and Duke 
(1993) suggestthat previous taxonomies of errors have beenincomplete and may have missed 
information processingfailures that subsequentlyled to inappropriate actions. This occurs when 
task load is defined as numberof aircraft or in terms of complexity that is assessedusing a rating 
scale1 (low) to 5 (high) complexity (standard FAA form for operational error investigations). 

Seven(1989) stated that "it is in the real world that workload problems contribute to accidents 
and systeminefficiencies, and result in over-manning or under-manning on critical tasks." She 
suggeststhat we developunobtrusive measuresspecific to the operational systems,and then 
generaterealistic data basedon real-time measurement. In essence,sheproposed the use of 
noncritical tasks as indicators of workload, assumingthat performancewould decline as the load 
from primary tasks increased. This is basicallysimilar to the theory behind secondarytask 
techniqueswithout the addition of artificial secondarytasks. 

There has also beenconsiderableeffort expendedin a searchfor task or environmental models of 
workload in ATC. While it is generallybelieved that workload and performance are related, the 
nature of this relationship continuesto be disputed. One of the oldest environmentally-oriented 
models of systemtask load, which is related to workload and, therefore, to performance, was 
developed by Arad (1964). He identified three basic components of load: background, routine, 
and airspace. Arad created a mathematicalmodel for computing overall load based on such 
variables as aircraft types, and what they were doing in the airspace. This modeling activity was 
designedfor use in answeringstaffing questions, rather than evaluating operator real time 
activities. 

Jolitz (1965) decidedto conduct a comprehensivetest of the Arad model using simulation of 16 
ATC sectors and testing the degreeto which the model would predict meansubjective ratings of 
load by controllers. Jolitz concluded that there was no relationship, and that a better predictor of 
controller's concept of load was simplythe numberof aircraft handled per hour. 

Robertson, Grossberg, and Richards (1979) developedand evaluated another computer model of 
controller activity which had both workload and performanceimplications. They referred to this 
model asthe relative capacity estimatingprocess(RECEP). It placesa heavyemphasison system 
eventsand functions in anoff-line data processorcapableof analyzingthese events after they have 
occurred. While the primary purpose of the model was to estimateworkload, it did, by necessity, 
examine controller activities. It divided theseactivities into three generalcategories: routine, 
surveillance,and conflict prevention. Thesewere similar to those proposed by Arad (1964). By 
computing and summing all the sub-taskperformancetimes, Robertson et al. (1979) proposed 
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maximum limits in tenns of man- minutes-per-hourof operational time. RECEP measures 
correlated favorably with subject matter expert's (SME's) ratings of work pace. There was 
considerablevariability across different airspacesectors. 

One of the strengthsof the work of Robertson et al. (1979) was its use of data from operational 
facilities. There is a more recentprogram that makes evenmore comprehensiveuse of 
operational data and has a strong performanceorientation. This program is called the Situation 
Assessmentthough Recreationof Incidents (SATORI) and is being developed by personnel at the 
Civil Aeromedical Institute in Oklahoma City, Oklahoma (Rodgers and Duke, 1993). SATORI 
analyzessystemanalysisreport (SAR) tapes that contain all the operation events for one radar 
position over a given time period. Thesetapesare routinely recorded in ATC centers. The 
original purpose of SATORI was to evaluatethe factors that led up to an airspaceincident or 
controller operational error. Rodgers, Manning, and Kerr (1994) have taken this project one step 
further. They have developedthe performanceand objective workload researchprogram 
(POWER). This software packagewill allow for the output of manyperformance measures 
describedby Stein (1992). 

Controller perfonnance measurementshave consistentlyinvolved tasks and variables derived from 
ATC and produced findings expressedin ATC tenns (Hopkin, 1980). Another, possibly more 
beneficial, approachwould be to trace the origins of the practical difficulties (e.g., memory lapses) 
that the controller encountersto limitations in humancognitive capabilities, and to use basic 
psychological knowledge to explain, measure,and resolve them. It is fundamentalto considerthe 
controller's task in humantenns in order to provide perspectives,explanations,and insights into 
the cognitive processesthat support ATC. While the use of new technologies maybe essentialin 
order to deal with the ever-increasing,infonnation-processing demandsof the ATC system,the 
long-tenn perfonnance implications of extendeduse of the new technologies on human 
perfonnance are largely unknown (Endsley, 1988;Harwood, Barnett, & Wickens, 1988). 

As ATC automation increases,more attention to the fundamentalcognitive aspectsof the 
controller's job is necessary. It is necessaryto develop cognitive performancemeasuresso that 
the consequencesof automation on controller performance canbe effectively evaluated (Hopkin, 
1991). This implies that, in the long run, we may haveto expandthe more traditional views of 
what performance is to encompassconceptsthat we have viewed in the past asunrelated or 

inconsequential. 

Practice is the single most powerful factor for improving the controller's ability to perform ATC 
tasks. Nothing is likely to offset the frailties of working memory aswill practice. The influence 
of practice on the attentional demandsof working memory hasreceived considerableattention 
within the framework of automatic and controlled processing (Schneider& Shiffrin, 1977). 
Controller error rates have beenassociatedwith the proportion offull performance level (FPL) 
controllers (those most practiced and proficient). Rodgers (1993) accomplishedan analysisof the 
FAA's operational error database. He found that facility error rates were inversely proportional to 
the percentageof the work force that had achievedFPL status. 

Researchon perfonnance issueshasoccurred in many different domains. Where we are today is 
due in part to what has occurred in domains other than ATC. Systemperfonnance in air spaceis 
a function of both controllers and pilots. 
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Stein and Rosenberg (1983) studied workload and pilot performanceleading to new measurement 
techniquesthat applied to both air crews and air traffic controllers. In this study, pilots flew 
missions at three levels of difficulty, or task load, which was induced by turbulence. Mission 
order was counter-balancedacrosspilots. Pilots were askedto respond every minute and 
evaluate their workload at that time. They were cued by a tone and a light-emitting diode on the 
responseswitch box mounted below the aircraft's throttles. At this time, the measurementsystem 
and the theoretical foundation behind it was called the Pilot Objective-SubjectiveWorkload 
Technique (pOSWAT). The subjective scalinginvolved the responsesalreadydiscussed. The 
objective part was the measurementof responsedelaysand overall pilot performance on such 
dimensionsas flight technical error, which is the degreeto which the pilot strays from his assigned 
flight path. Performancewas evaluated againstan absolutestandardthat assignederror points 
basedon the magnitude of the pilots deviation from the assignedaltitude. There was the growing 
conception that the measurementof workload is irrelevant without an evaluation of performance. 

The subjective real-time scaling in this studywas sensitiveto the levels oftaskload. Workload 
was related to the segmentsofflight, being highest in those segmentsthat involve the greatest 
demandson the pilot, takeoff, final approach,and landing. Such confirmation of what has been 
anecdotaldata would not have beenpossible using post-run scaling. 

Stein (1984a) did a studyto determine whether there were anymeasurabledifferencesin 
workload and performance between relatively new pilots and experienced,high-time personnel. 
This becameknown asthe masters-journeymanstudy. Professional military and civilian pilots, the 
masters,were compared againsta unique group of instrument-rated pilots who had very low 
experiencelevels. Thesejourneymen received their pilots' licensesthrough a one-time FAA 
experiment which evaluatedthe feasibility of instrumenttraining for pilots with under 200 hours 
of experience. Both groups flew simulatedmissionsunder three levels of counter-balanced 
taskload. Taskload was influenced by turbulence and, at the highestlevel, by the introduction of 
an emergencycondition toward the end of the flight. The POSWAT systemfor the evaluation of 
workload was used along with the measurementcapabilitiesof the flight simulator in order to 
assessflight performance. Participants completed a post-flight measurecalled the Flight 
Workload Questionnaire. This had four scales:workload, degreeof busyness,amount of thinking 
required, and an overall evaluationof how the pilot was feeling. 

Masters performed better in all segmentsof flight than did the journeymen. Both inflight 
POSWAT and post-flight ratings of workload showed higher workload for the journeymen than 
for the masters. Correlation co-efficients betweenworkload and performance produced an 
interesting phenomenon. When all pilots were considered,the relationship was negative; higher 
workload meant poorer performance. However, this finding did not appearwithin eachof the 
subgroups; it required the full skill rangeto appear. 

POSWAT was the beginning of real-time workload measurementin simulation. It would later be 
modified to becomethe Air Traffic Workload Input Technique (ATWIT), which will be described 
in more detail. Murphy (1987) performed what was essentiallya replication of the masters-
journeyman study under a contract with the FAA. His results confirmed those found at the 
Technical Center. 

Stein (1989) completed a study which was designedto evaluatethe impact of changingthe 
minimum legal separationpermitted betweenaircraft that are approaching independentparallel 
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runways at a major U.S. airport. The minimum was 2 nautical miles (nrni), and the proposed 
changewas to decreasethis to 1.5nrni. Highly-experienced controller volunteers participated in a 
simulation that involved controlling traffic in I-hour sessions,using the two separationstandards 
alternatively. Performancewas measuredwith the automateddata collection capability of the 
simulator and over-the-shoulderevaluations. The measurementdata setwas based on earlier 
work and will be describedmore completely later in this section. Workload was estimated every 
half-hour by the evaluators and after every hour by the participant, using a post-run questionnaire 
similar to that used in the workload probe study 4 years previously (Stein, 1985). ATWIT was 
not employed in this study, however. 

In terms of performance, controllers using the reduced separationdid not make any more errors 
than they did when using the 2 nrni minimum. In fact, they were actually able to land more planes 
given the reduced separation. The post-run questionnairehad five separatescales:workload, 
performance,busyness,stress,and workability of the separationstandard. It was tailored to the 
specific experiment. Overall, there were no significant differences in perceived workload from 
either the observers or the participants. 

Buckley, DeBaryshe,Hitchner, and Kohn (1983) performed two experimentsto examinethe use 
of simulation for the evaluationof air traffic controller performance. They emphasizedthe quality 
of measurementand identified the basic dimensionsfor measuringATC functions in real time. 
They studied the issueof the interaction of sector geometry and traffic density on various 
performancemeasures. One outcome of the first experimentwas that there was a statistically 
significant effect of sector geometry and traffic density for almost all of the 10 performance 
measures. There was also a significant interaction effect between geometry and density. The 
authors suggestedthat "the nature and extent of this interaction dependson the measures 
involved" (p. 73). 

This first experimenthad examinedthe effects on systemperformancemeasurementsusing two en 
route sector airspacelayouts andthree traffic densitylevels ranging from very light to very heavy. 
Data were collected from two I-hour runs for eachof 31 controllers. Sector geometry had a 
major impact on performance, and this led themto the designof a secondexperiment. 

The second experimentexaminedthe effects of collecting a great deal of data over time by 
repeatedmeasures. The databasewas sufficient so that a factor analysiswas computed to look 
for redundancy in the measuresused to quantify systemperformance. Twelve I-hour runs were 
conducted using the samesector with the sametraffic level for eachof39 controllers. 

The data resulting from Buckley's et al. (1983) first experimentwere cross-validated with the 
factor analysisderived from the secondexperiment. This produced four meaningfulfactors or 
measures:confliction, occupancy, communication,and delay. The confliction factor included 
measuresof3-, 4-, and 5-mile conflicts. The occupancyfactor included measuresof the time an 
aircraft.was under control, distanceflown under control, fuel consumption under control, and 
time within boundary. The communication factor included path changes,number of ground-to air 
communications, and the duration of ground-to-air communications. The delay factor included 
total number of delays and total delaytimes. Two auxiliary measures,number of aircraft handled 
and fuel consumption, were also relevant. Theseexperimentsconducted by Buckley et al. have 
servedasbuilding blocks for most of the controller performance researchthat hasfollowed. 
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Thackray and Touchstone (1988, 1989), working at the FAA Civil Aeromedical Institute, also 
were interested in performance. They examinedthe performanceimplications of varied task 
loads. They developed a small scaleATC simulation and examinedbehavior of college students 
required to monitor a simulatedradar display for two different types of events. One was a simple 
task of detecting and reacting to a changein the altitude data block linked to an aircraft target. 
The secondinvolved detecting the occurrenceof two aircraft on the sameflight path at the same 
altitude, a collision course. The authors sawthis as a more demandingtask in that the participant 
had to decide whether a conflict was imminent or not. Participants worked in 2-hour sessions. 

Thackrayand Touchstone (1988, 1989)did not attempt to scaleworkload; they focused entirely 
on performance. They were concernedwith the frequencyof correct detections and the missed 
events. Results demonstratedthat the low taskload eventswere virtually never missedand that 
responsetimes did not increaseappreciablyduring the work sessions. For the high taskload 
conflict detection task, eventswere missedand the numberand latency increasedover time. This 
suggestedfatigue and/or some sort of changein reserve capacity for information processing over 
time. The researchersconcluded that the decline in performancewith the higher taskload may 
have beenbased on the amount of information processingrequired and its impact on the 
employmentof attentional resources. It was unfortunate that Thackray and Touchstone (1989) 
did not use a secondarytask measureto more thoroughly evaluatethis hypothesis. 

Another unfortunate aspectof their researchwas the fact that they used college students. Zingale, 
Gromelski, Ahmed, and Stein (1993) have shown that college studentsare not a good model for 
air traffic controllers. Even with considerabletraining in ATC conceptsand using a user friendly 
simulation, Zingale et al. found that college studentsdo not behavethe sameway as experienced 
controllers, and therefore, results of studiesusing studentscan not be easilygeneralizedto the 
controller work force. 

In a study of how actual controllers used their information to facilitate their performance, Means 
et al. (1988) studied the way that enroute controllers organized aircraft. They observed that 
controllers recalled aircraft in groups, invariably drawing one group at a time when tested. When 
askedto namethe groups, controllers labeled them in accordancewith a specific type of traffic 
issue(i.e., arrivals or crossingtraffic at a specific fix). Geographical proximity played less of a 
role in grouping than did the interaction and potential conflicts betweenmembersof a group. 
This takes training and experience. Organizationof information has beenidentified asthe one 
factor which hasthe greatest probability of improving cognitive performance in ATC (Vortac, 

1991). 

Memory, SA, and perfornlance may be related. There have beena number of definitions of SA 
that have beenoffered during its relatively short history. One definition of SA,suggestedby 
Endsley (1989) is: ". ..the perception of or the elementsin the environment within a volume of 
time and space,the comprehensionof their meaning,and the projection of their status in the near 
future." Endsley (1990) describedthe measurementmodel shehad created asthe Situation 
AwarenessGlobal AssessmentTechnique(SAGAT). SAGAT involves developing a question set 
based on potential events in a scenario. Questionsare randomly selectedfrom the set. The flight 
scenariois frozen at a predeterminedpoint in time. The pilot is removed and askedto respond to 
the questions. The correctnessof answersis determinedby referring to what was actually 
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happeningat the point of scenariofreeze. Scoring requires storing that infonnation in analog or 
digital fashion so that comparisonscan be made post hoc. 

Endsleyand Rodgers (1994) studied enroute ATC from the viewpoint of the requirements 
generatedfor SA. Theseresearchersattemptedto identify the essentialcomponents of 
information that an enroute controller must have in order to perform his or her tasks. Using a 
panel of eight SMEs, the researchersemployed a replay of ATC incidents to cue participant 
memory. Each memberof the eight-personpanelwas presentedwith one or two ATC incidents 
that were recreated on a video screen. Each memberwas subsequentlyinterviewed about 
information requirements for one or more major task areasin ATC (i.e., separatingaircraft, 
analyzing weather situations). The end product of this work was a seriesof information 
requirementslinked to eachaspectof the controllers duties. This may have implications for future 
ATC experimentsto the extent that the presenceor absenceof theseelementsof information are 
presentduring the simulatedATC operations. How controllers think and use information has 
elicited considerableinterest and research. 

This interest was reflected by a family of theory and researchpapers that discussthe cognitive 
tasks as comparedto the observableactivities of controllers. It is unclearto what extent 
controller cognition canbe effectively usedto understandand subsequentlymeasureperformance. 
As part of a larger program aimed at improving controller training, a group of researchers 

performed a cognitive task analysisof expertiseto seeif experts and novices differed in how they 
think (Seamster,Redding, Cannon,Ryder, & Purcell, 1993). They concluded that experts took a 
wider view of the evolving air traffic situation. Experts appearto be more flexible in their 
approachto the dynamics in their airspace. The researchersidentified 13 enroute controller tasks 
that were linked to their cognitive models of the airspace: maintain situation awareness,develop 
and revise sector control plan, resolve aircraft conflicts, re-route aircraft, managearrivals, manage 
departures,manageoverflights, receive hand-off, receive pointouts, initiate handoffs, initiate 
pointouts, issueadvisories, and issue safetyalerts. Each of theseis broken into numerous 
sub-goalswhich establishthe matrix of the controller's mental model. 

According Seamsteret al. (1993), their researchsupports the hypothesisthat experienced 
controllers group or organize their picture by events rather than by individual aircraft. The mental 
model and task accomplishmentor requirement interact and influence eachother. When thinking 
out complex ATC problems, experts (in contrastto novices)used fewer, but more varied, 
planning strategiesand had more strategiesfor managingtheir workload. While the results of this 
researchare important for anunderstandingof how controllers think, the researchersdid not 
attempt to relate their model to actual controller performancemeasuredobjectively. 

There is a diversity of opinion concerning whether SA is an indicator of perfonnance itself or is 
merely a necessary,but not sufficient, condition for adequateperfonnance. In a memory study to 
be describedlater, the authors assumedthat SA is a precursorto perfonnance and an indicator of 
the current level of working memory (Sollenbergerand Stein, 1995-In press). However, in an 
extensiveliterature review of workload and perfonnance measurement,Fischer (1995-In press) 
recommendsthat SA be consideredas a perfonnancemeasure. She suggeststhat it is the missing 
link betweennon-observablecontroller cognitive activity and resultant observablebehaviors. This 
maybe an overstatementof the measurementpower of SA. However, researcherswill needto 
continue thinking about the role of SA in the humanperfonnance equation. 
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This equationis a complex matter. In an effort to establisha starting point for future 
measurementof controller performance,personnel at the FAA Technical Center developed a 
compilation of measuresthat could be used in real-time simulation. This effort is described in the 
following section. 

1.3.1 PerfonnanceMeasurementSearchFor DeQendentVariables. 

This current work reflects a history of concernfor measurementin ATC. There have beena 
numberof expansivesummariesof measurementtools for evaluating human performance and 
workload. For example,a guide was published(ANSI, 1992) that included measuressuchas 
POSWOT and ATWIT. However, it did not review any of the performance work and measures 
in ATC, and only touched other performancedomains, suchas piloting and evenwhite collar 

clerking. 

Researchersin ATC performancehave beenleft to their own devicesto establishthe measures 
that they use. Stein (1992) assembledand consolidatedthe variables that had beenuseful over the 
years for researchersat the FAA Technical Center. This work was basedprimarily on the 
researchof Buckley et at. (1983) and to a lesserextent on researchaccomplishedby Stein 
(1984a,1984b, 1985). What follows are excerpts ftom the unpublished specification which may 
apply to this current study. 

Simulation researchhas beenused to study ATC concepts,equipment, and procedures for 35 
years or more. Over this time period, various setsof dependentvariableshave evolved to assistin 
the evaluation of systemand individual controller performance. The specific subsetof variables 
has generally beentailored to meetthe researchgoals of eachstudy that was run. Most of the 
ATC studiesusing simulation have beenconducted at the Technical Center. 

It is assumedthat everything that occurs in the simulationis recordable and recoverable on a post-
hoc basis. There has beenno requirementfor real-time data analysis. All data processing canbe 
accomplishedafter the completion of the simulation. It hasalso beenassumedthat there is a data 
flow from target generation through controller actions and subsequentresults in terms of aircraft 
responsesthat will be recoverable on a post simulationbasis. This implies that all raw data, such 
asthe relative position of aircraft, are savedso that further analysescan be accomplished. 

The dependentvariables, describedbelow, are a subsetof all those that are possible. This subset 
was selectedfor its generality and practicality, aswell as for the potential statistical power of the 
measures. A researchermay wish to run a full setof analysesusing all thesevariables or some 
less-inclusivegroup. The interface for the analysisshould afford the opportunity to selectthose 
variables desired for the particular questionsunder study. 

The majority of measuresin the dependentvariable setare basedon frequenciesof events and 
time, both of which should be cumulative, basedon a specifiabletime period. The researchdesign 
may include a hypothesisof changein conflict frequenciesand time duration based on the amount 
of time that a controller has beenon position. So, the ability to compute statistics based on a 
specifiabletime block is important. 

The variables apply to Tenninal Radar Approach Facilities and are presentedwith as much detail 
as necessaryto facilitate their computation. Unprocessedvariables are data that should require no 
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processing, but should be available at the end of eachsimulation run directly from one or more 
storagefiles. They are basically self explanatory. 

Variables.1.3.1.1 Unl2focessed 

Identification and Flight Plans 

RunNumber 

RunDuration(seconds) 

Controller Identification Code 

Airspace Sector Identification 

Experimental Condition/Combination 

1.3.1.2ConflictVariables. 

All conflict variables assumea technical violation of minimum separationbetweenpairs of aircraft 
flying in controlled airspace. Variable namesare arbitrary and mayor may not have beenused in 
previous researchefforts. Variable concepts,however, have for the most part beenemployed in 
earlier work. Once a concept is explained, suchasthe principle of accumulatingtime durations of 
conflicts, it mayor may not be repeatedin similar variable descriptions. 

a. SCNF(TERM) -Standard conflicts in the tenninal area. The separationshall be 3 nmi or 
1000 feet of vertical separation. This variable will not be useful on final approachsequencesdue 
to wake vortex considerations,and longitudinal separationviolations will take over. The analysis 
of this variable will therefore have to take into considerationthe relative location of aircraft in the 
airspaceand rule out those aircraft on final approach. This is usually done by setting a point in 
spacesuchas the outer marker or by defining the final approachheading and filtering out any 
conflict hits from aircraft establishedon final. 

b. SCNFD(TEBM) -The cumulative duration of SCNF(TERM) conflicts. 

c. XCNF(TEBM) -The user must havethe option of setting a conflict criteria that is flexible. 
This becomesnecessarywhen the purpose of the experimentis to evaluatethe impact of changes 
in separationminima in the airspace. This measureapplies primarily to aircraft in the Terminal 
Control Area (TCA) which are not on final approach. 

d. ~ -This is the primary conflict measurefor aircraft that are on final approachesand are 
in trail of one another. This measuremust take into considerationthe impact of wake vortex 
issuesas defined in 7110.65H (FAA, 1993). However, for the purposesof research,some 
assumptionsmay be made and will be madepart of subsequentresearchdesigns. For example, 
assumethat 3 miles standard separationis acceptableunlesswake vortex criteria apply. 
Obviously, this measurewill show more conflicts than, for example, SCNF and could indicate that 
the controller is not paying adequateattention to the aircraft types he/sheis working. 

1 

Aircraft 



e. LCNFD -The cumulative durations ofLCNF. 

f ~ -Parallel conflictfrequencies.Thismeasureis usedto evaluateconflictsof aircraft 
thatareon simultaneousparallelapproachesto anairport. Thecriteriafor violationmustbe user 
specifiablesincethe purposeof the researchmaybeto examinethe possibleimpactof changing 
the separationminima. 

g. PCNFD -The cumulative durations ofPCNF 

h. BSCNF -Between sector conflict frequencies. Here, the sector boundary must be 
identified. This is primarily a terminal measure,and a 3-mile criteria is acceptable. It is basically a 
standardconflict, but the controller generallydoes not have both aircraft unlesshe/shehas taken 
an early inbound handoff. 

BSCNFD -The cumulative durations ofBSCNF. 

j. .AP]- Aircraft proximity index. This is a measureof conflict severity developed by Mr. Lee 
Paul (1990) of the FAA Technical Center. While it canbe computed frequently during each 
conflict situation, it is most useful at the point of closest approachof two aircraft which are in 
violation. The computational proceduresare appendedto this specification. The API for each 
conflict situation should be recoverable at the end of the simulation, along with a mean API score 
for the entire simulation and sub-blocks of the total time period. For every API computed the 
software should provide output on the actual horizontal andvertical separationat the point of 
closest approachbetweenthe aircraft pair. 

k. ASCNF -This is the frequency with which the controller allows aircraft to conflict with 
restricted airspace. The boundariesof the airspacein question shallbe user specifiable. An 
airspaceconflict occurs when an aircraft actually crossesa boundary. 

I. ASCNFD -The cumulative durations of ASCNF 

Thenatureandnumberof conflictmeasuresdoesnot implythatcontrollersarenot effectiveor 
thattheyareunsafe.However,previousresearchhasshownthat suchmeasurescanbe effective 
especiallywhentrying to evaluatethe effectsof changeonthe person-machinesystem. 

1.3.1.3 ComQlexityMeasures. 

The concept of complexity meansdifferent things to ATC personnel. There is no one generally 
agreed-upondefinition. Most controllers comment on the aircraft frequency and/or the number of 
control actions they have to take with eachundertheir control until they canhand it off. 

a. CMA V -This is a very basic measureof what might better be called systemactivity. It is 
simply the averagenumberof aircraft within X miles of eachother with X being user-specifiable. 
A samplingrate on this of once every 10 secondswould be adequate. 

b. ALT -The frequency of altitude changemessagessentfrom the controller to the aircraft. 
This is cumulated over the run and/or the prespecifiedtime block within the run. 
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c. Im.G -The frequencyof headingchangemessagessent from the controller to the aircraft. 

d. SPEED -The frequencyof speedchangemessagessentfrom the controller to the aircraft. 

1.3.1.4 Non Conflict Errors. 

a. MISSAPP -The frequency of missedapproachesin the terminal control area. This should 
include both the primary airport and any satellite airports to which approachesare being 
controlled. This is cumulated over the run or the pre-specifiedtime block. 

b. HOFFMISS -The frequency with which the controller allows aircraft to leave his/her sector 
without a formal handoff to the receiving sector. This measurecanbe used in both the terminal 
and enroute environments. 

c. HOFFERR -The frequency with which the controller attemptedto handoff an aircraft: at the 
incorrect altitude or airspeed. Theseerrors shall be cumulated over the entire run or based on 
pre-specified time blocks. 

d. NDL Y -The frequencyof hold messagessentto aircraft and the number of turns of greater 
than 100 secondsduration. Thesetwo elementsare summedand cumulated for the duration of 
the run or based on pre-specifiedtime blocks. 

e. COMDL Y -An accumulatedtime variable basedon the durations of time betweenthe 
aircraft calls for service and the controller's initial response. The time, in seconds,is cumulated 
during the entire run or based on pre-specifiedtime blocks. 

f. CO:MDLYNBR -The cumulated frequencyof comdlys that exceed20 seconds. This is 
based on the whole run or pre-specifiedtime blocks. 

1.3.1.5 Communication Activity. 

a. VOIFREQ -The frequencyof voice communicationfrom the controller to the aircraft under 
control if voice is used in the simulation. Eachtime the microphone is keyed shall be counted as 
one transmission. These shall be cumulated over the run or based on pre-specified time blocks. 

b. VOIDUR -The cumulatedtime in secondsthat the controller is transmitting to aircraft 
under control. This is based on the whole run or pre-specifiedtime blocks. 

c. CKEY -The accumulatedtotal frequencyof controller keystrokes on the keypad. This is 
based on the whole run or pre-specifiedtime blocks. 

d. PKEY -The accumulatedfrequencyof simulation pilot keystrokes if simulation pilots are 
part of the simulation. This is based on the whole run or pre-specifiedtime blocks. 

1.3.1.6 Activity/Taskload. 

a. NELI -The numberof flights handled by the controller for a given period of time based on 
the entire run or on pre-specifiedtime blocks. 
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b. LAND- The number of landings completed by a controller working final approach in a 
TRACON environment. This is basedon the entire run or pre-specifiedtime blocks. 

c. DEPART -The numberof departuresworked by a controller working departure control in 
a TRACON environment. This is based on the entire run or pre-specifiedtime blocks. 

d. HANDOFF -The numberof successfulhandoffsto adjacentsectors or facilities. 
appliesto both enroute and TRACON environments. 

This 

e. ATWIT -The Air Traffic Workload Input Technique. This measurewas first used by Stein 
(1985). It grew out of earlier researchwith pilots (Rosenberg,Rehmann& Stein, 1982). The 
software cuesthe operator that a responseis required. This occurs on a pre-set time frame, such 
as once per minute. The controller pushesa button numberedfrom 1 to 10 and the system 
records the button push and responselatency. The final product of ATWIT is an average of the 
scaledresponsesfor the whole run or for user-specifiedtime blocks. 

This concludesthe summaryof the simulation performancevariables that are currently in use. It 
does not, however, limit researchersto only thesevariables. The future will determine the variety 
of measurementtools that researchersare able to create. 

The simulationmeasurementdescribedabovehasbeenrecentlyusedin the FAA TechnicalCenter 
HumanFactorsLaboratory. SollenbergerandStein(1995,In press)conducteda studyof 
controllermemoryissuesto determinewhetherperformancecouldbe enhancedusinga memory 
aid. 

This experimentused a training simulation called ATCoach, which was adapted for research. The 
performance measureswere collected automatically when eachof 16 controllers worked the 
simulation. The participating controllers worked traffic using their own airspacefrom Atlantic 
City International Airport (ACY). They worked traffic under high and low task load and under 
normal and memory-aided conditions. The memory aideswere basedon increasedstructure that 
involved pilots doing more of the navigation, using preplannedroutes, and requiring controllers to 
do less,providing, in theory, more time for the controllers to engagein memory-enhancing 
activities suchas maintenancerehearsaland note taking and/or strip marking. 

The perfonnance measurescited earlierwere analyzedto determineif memory aiding 
accomplishedanything. Unfortunately, the memory aidesdid not seemto improve controllers' 
SA as it was measured. They also did not improve the controllers' memory for aircraft 
infonnation, suchasthe last commandshe or shegave. On the positive side, the memory aides 
did have somepositive influence on controllers' behavior, as recorded in the automated 
perfonnance measurementdata. In the aided condition, controllers made significantly fewer 
ground to air transmissions. Also, they gave fewer altitude and heading changes. Thesevariables 
have beenused as indicators of controller workload. Another positive result was that, with the 
memory aides, controllers made fewer handoff errors. Without the perfonnance indicators, these 
positive findings would not have beendiscovered. 
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2. EXPERIMENT. 

2.1 PURPOSE. 

The purpose of this researchwas to developand validate a generic sector that could be used to 
evaluate air traffic controller performance in a standardfashion. The study had two goals. The 
first was to evaluatecontrollers' ability to learn a new sector in a short amount of time. The 
secondwas to evaluate how similar or different controller and systemperformancewould be on a 
generic versus a home sector, in this casethe ACY sector. 

2.2 LOGIC BElllND A GENERICSECTOR. 

A new program titled the Separationand Control Hiring Assessment(SACHA) is underway to 
developvalid measuresfor selectingATC specialistsin the FAA. The SACHA program has the 
goal of developing a valid selectionprocess(i.e., test battery) for selecting air traffic controllers. 
Componenttasks of this project include job analysis,predictor development,criteria development, 
and validation of thesepredictors and criteria. Ideally, theseperformance criteria would be based 
on measurestaken from the controller's own sector. However, a controller's performance may 
vary depending on the amount of time he or shehas beenworking the sector. In addition, sectors 
vary in complexity and, therefore, in difficulty for the controller. A standardgeneric sector could 
be a potential solution in that all the conditions under which performanceis measuredwould be 
the samefor all participants. This would be a significant advantageover using performance 
measuredon eachcontroller's home sectorwhere manyfactors, suchas familiarity and sector 

complexity, vary. 

In order to perfonn the study, a generic sectorhad to first be defined and developed. In the 
context of this research,generic refers to a sector which embodiesthe important elementsof a 
terminal sector (i.e., arrival and departureroutes, terminal radar range and perfonnance, and radar 
procedures). In order to achievethe goals of the study, the test generic sectorwas specifically 
designedto be quite different from the home sector. The reasoningbehind making the generic 
sector different is that this would require learning on the part of the controller, and the controller's 
perfonnance on this sectorwould be basedon his or her skill as a controller and his or her 
masteryof the sector. In addition, it is likely that participants in the SACHA testing would come 
from all parts of the country and therefore from diversefacilities and operations. Creating a 
sector which is different from the controller's home sectorwould allow us to pilot test a situation 
that would be very likely to occur during SACHA testing. Specific items of differentiation include 
the route structure, the mixture of traffic, the letters of agreement(LOAs) betweenthe sector and 
adjacentfacilities, the namesof fixes, the direction of traffic flow, and the placementand 
orientation of sectorboundaries. 

2.3 AIRSPACE AND TRAFFIC SCENARIOS. 

2.3.1 Generic Sector AirsRaceand Scenarios. 

One of the primary concernsof this effort was that the generic airspaceappearsrealistic to a FPL 
controller, yet could be learned with a minimal amount of training. To achievethis objective, an 
ATC specialistwas heavily involved in the developmentof the airspaceand traffic scenarios. The 
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specialisthad extensiveexperienceworking in a Level V terminal facility and had visited many 
other major terminal facilities acrossthe United Statesas a part of previous projects. 

The generic airspaceevaluated in this study was based on a four-comer post operation typically 
used in many terminal areasin the United States. Arrival aircraft originated from one of four 
arrival fixes just outside the sectorboundaries. The arrival aircraft traveled down corridors which 
converged at an arrival transition fix near the main airport. Thesearrival routes can be thought of 
as spokesof a wheel with the main airport site asthe hub. In addition to the main airport, there 
were three satellite airports that were under radar control. Departure aircraft from the main and 
satellite airports were sent directly to one of four departurefixes located outside the sector 
boundaries. 

To expedite learning of thesefixes, the five-letter identifiers for theseintersections corresponded 
to their magnetic heading location relative to the radar antenna. For example,the northwest 
arrival fix was named "NOWES" andthe northeastarrival fix was named "NEAST." Departure 
fixes were also given namescorrespondingto their magnetic headings,but all fix namesended in a 
"D" to denote a departure fix. For example,the west departure fix five-letter identifier was 
"WESffi", the eastdeparture fix was named"EASTD", and the southwestdeparture fix was 
named "SWEDD." Another significant feature of the generic sectorwas the use of structured 
corridors to the enroute airspacefor both arrival and departure aircraft. Thesecorridors were 
usedto hand off aircraft to the center, accepthandoffs from the center, and provide path ways to 
and from the main airport. A map of the generic sectoris presentedin figure 1. 

The generic sector also employed structured altitude shelveswhich provided safealtitude 
separationbetweenaircraft when arrival and departure airspaceoverlapped. Arrival aircraft 
originating from the northeastand northwest had to maintain at or above 8,000 feet until they 
were within a IS-mile radius of the main airport. Departure aircraft destined for the eastand west 
departure fixes had to maintain 7,000 feet or below until they were IS miles east or west of the 
main airport. The altitude shelveswere designedto add some complexity to the sector in that the 
controllers had to differentiate between north departures,which could ascendimmediately, and 
the east/westdepartures. Figures 2 and 3 illustrate the altitude shelvesand their boundaries. 

LOAs were made up to provide the controllers with standardizedhand-off procedures. Two en 
route centerswere created, one for transitioning aircraft in the northern portion of the sector 
(North Central Center) and one for transitioning aircraft in the southern portion of the sector 
(South Central Center). In addition, there were four airports adjacentto the generic sector which 
provided arrival traffic and accepteddeparturetraffic. LOAs were written to define operating 
procedures between eachof these adjacentairports andthe main airport. Copies of theseLOAs 
are found in appendix A andB. 

The traffic mixture for the generic sectorwas based on actual flights from the Official Airline 
Guide (OAG) 1993. This guide contains flight origination and destination information, aswell as 
call signsand aircraft types. Flights were taken from this guide and a databasewas formed from 
flights arriving into major metropolitan terminal areas. Approximately 70 percent of the flights 
into and out of the generic sectorwere composedof transport aircraft including heavyaircraft 
(i.e., DC-10, L10ll, and 747) and medium-performanceaircraft (i.e., 727, DC-9, and MD-80). 
The remaining 30 percent of the mixture were general aviation aircraft, including commuterjets 
(i.e., Learjet, CessnaCitation) and both single-and twin- engine propeller-driven aircraft (i.e., 
Piper Cherokee,DeHavailland Dash 6). 
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Scenarioswere constructed that accuratelysimulatedtraffic into a major metropolitan terminal 
area. Most of the aircraft were arriving to and departing from the major airport (Genera 
International Airport) which incorporated a setof parallel runways. However, a proportion of the 
aircraft arrived and departed from the three satellite airports in the sector. A north operation was 
used for all generic sector scenariosin which all arriving aircraft used runway 36R and departing 
aircraft used runway 36L. The satellite airports in the sector all used a north operation aswell. 
All scenariosstarted with a build-up of traffic during the first 5 minutes. An S:MEcontrolled this 
traffic. At 5 minutes, the S:MEgave the participant controller a relief briefing and then gave 
control over to him or her. Typically, there were at leastfive aircraft on the scope at this point. 
Aircraft steadilyappeareduntil the conclusionof the scenario. The scheduledrate of appearance 
for aircraft was changedto representeither low, moderate or extremely busy traffic conditions. 

2.3.2 ACY AirsQaceandScenarios. 

One of the primary concerns in this experimentwas to create a realistic simulation of the ACY 
airspacefor the controllers. Fortunately, during previous simulations, a large amount of data had 
beengathered on ACY operations, normal operatingprocedures,aswell as airspaceboundary 
data and LOAs betweenACY sectorand adjacentfacilities. This data was used to create a 
realistic depiction of the ACY airspaceand construct realistic traffic scenarios. It was believed 
that the efforts invested in creating a realistic simulation of the home sectorwould motivate 
participant controllers and increasethe credibility of the researchresults. Using the information 
obtained from the ACY tower, the airspacewas constructed with a few minor deviations from the 
radar map used in actual operations. Of the six airports in the simulatedairspacevicinity, only 
four were representedbecausetwo typically have very little traffic. The ACY airspaceis 
illustrated in figure 4. 

The traffic mixture for the ACY airspacewas basedon information contained in actual flight 
strips gathered at the tower. Information on the strips contained aircraft call signs, aircraft types, 
and flight plan information, and databaseswere formed basedon that information. The majority 
of the flights into and out of ACY sectorare general aviation aircraft and the air carriers that do 
fly into ACY are twin engine commuter aircraft or small transports. No heavyaircraft were 
included in the traffic mixture sincethere were none representedin the flight strip database. 

Scenarioswere constructed that accuratelysimulatedACY air traffic patterns. Many of the 
aircraft call signswere familiar to controllers and representedcommon air carriers that operate in 
ACY airspace. Most of the aircraft were arriving to, or departingfrom, ACY. However, a small 
proportion of the aircraft used the three satellite airports in the sector. A southeastoperation was 
used for all ACY scenariosin that all aircraft landedand departed from runway 13. Aircraft 
arriving and departing from the satellite airports also employed a southeastoperation. All 
scenariosstarted with a build-up of traffic during the first 5 minutes controlled by an 5MB. At 5 
minutes, the 5MB gave the participant controller a relief briefing and then gave control over to 
the participant controller. Typically, there were at leastfive aircraft on the scope at this point, 
with more steadilyappearinguntil the conclusionof the scenario. The scheduledrate of 
appearancefor aircraft was changedto representeither low traffic conditions or extremely busy 
traffic conditions. 
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3. MElliOD. 

3.1 PARTICIPANTS. 

Eleven air traffic controllers from ACY Tower volunteered for this study and were assuredof 
their anonymity and confidentiality. All participants were FPL controllers with normal or 
corrected-to-normal vision and had actively controlled traffic for the 12 months prior to the study. 
A demographic form was completed by eachcontroller to describethe background 

characteristicsof the participants in this study. Controllers ranged in age from 32 to 41 years old 
(Mean=36.7, SD=3.13) and ranged in experiencefrom 4 to 22 years of active service 
(Mean=II.3, SD=5.5). Additionally, controllers provided self ratings offour personal attributes 

that could affect simulation performance. Ratings were indicated on a scaleranging from 1 
(low/poor) to 10 (high/good) on eachquestion. The attributes included skill (Mean=8.2, 
SD=0.92), motivation (Mean=7.8, SD=1.81), and health(Mean=9, SD=0.94). The last attribute 
was video game experience,which was measuredin terms of hours per month (Mean=2.7, 
SD=3.4). The purpose of the last questionwas basedon a finding with low fidelity simulation 
that video game experiencecould have an impact on controller performance. However, such an 
effect was not anticipated in this high fidelity simulation study. 

3.2 SIMULATION FAC~ITY. 

The experimentwas conducted in the Human Factors Laboratory (HFL) at the FAA Technical 
Center in Atlantic City, New Jersey. The experimentalapparatusconsistedofa state-of-the-art 
controller work station with a high resolution graphics display, voice communication equipment, 
networked computer resources,and ATCoach simulation software (copyright UFA INC., 1992). 
The simulation was conducted by a researchpsychologistand anATC specialistwho observedthe 
participant in the experimentroom. A voice communication link to another experiment room 
allowed the controller to issuecommandsto personnelserving as simulation pilots. Two 
simulation pilots provided realistic voice feedbackto the controller and controlled the movement 
of the radar targets using simple keyboard commands. Additionally, the simulation pilots served 
as ghost controllers to simulate coordination with controllers in charge of the releaseof aircraft in 
Instrument Flight Rules (IFR) airspace. As part of the simulation, flight progress strips were 
printed and time-ordered in a strip bay prior to the start of eachscenario. Figure 5 provides an 
exampleof flight strips in a time-ordered sequence. The boldface data block representsthe 
arrival time in minutes into the scenario. During the simulation, audio-visual equipmentwas used 
to video record the participant's activities. Video tapeswere madeof the radar display and of the 
controller as he or shecontrolled traffic during the simulation. The audio from the simulation, 
which included the controller and pseudo-pilot communications,was also recorded on the video 

tape. 

3.3 EXPERIMENTAL DESIGN. 

A quasi-experimentalapproachwas the methodology usedto answerthe experimental questions. 
Quasi-experimentaldesignsare often used in field researchor a field setting where treatments 
differ on a number of variables and experimentalcontrol of a single variable is not possible (Gay, 
1994). Suchis the casewhen comparing or correlating performance on sectorswhere many 
factors are different. 
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FIGURE5. ILLUSTRATION OFFLIGHT STRIPSARRANGED 
IN A TIME-QRDERED SEQUENCE 

The experimental designis illustrated in table 1. It followed a time-series approachwhere a 
number of treatments are ordered chronologically and measurementsare taken after each 
treatment. Each controller participated in 9 scenariosdivided between2 days. The first day was 
considereda training day where the participant controlled traffic on a low volume ACY scenario, 
and then controlled traffic on four mediumtraffic volume generic sector scenarios. The low 
volume scenarioconsistedof30 aircraft in a 60-minute time period. This correspondedto a rate 
of approximately 7 aircraft enteringthe scenarioevery 15 minutes. 
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TABLE A SUMMARY OF THE EXPERIMENTAL DESIGN 

Each of the 4 generic-sectorruns lasted45 minutes. Each scenarioconsistedof 15 arrival and 15 
departure aircraft. This correspondedapproximatelyto a rate of 10 aircraft entering the scenario 
every 15 minutes. In addition, the four generic scenarioswere matched in terms of the entry times 
for aircraft into the scenario. This was done to attempt to balancethe flow of traffic. However, 
for a given time slot, the aircraft could be a departure or an arrival. In addition, there was no 
attempt to systematicallyorder the flight plans in thesescenarios,so the traffic pattern in one 
scenariowas not predictable from the traffic patterns in preceding scenarios. These four generic-
sector runs were counter-balancedto evenlydistribute anydifferences in difficulty that might exist 
betweenthe four moderate level scenarios. 

The four remaining runs were completed on a second-daysession. This was considereda test day 
since, by this point, the participant had received a full day of hands-ontraining on the generic 
sector. Each controller worked two ACY scenariosin the morning, first a 60- minute, low-traffic 
volume scenarioand then a 60-minute high-traffic volume scenario. Each high volume scenario 
consistedof 22 departure and 22 arrival aircraft. This correspondedto a rate of 11 aircraft 
entering the scenario every 15 minutes. 

Each controller worked two generic sector scenariosin the afternoon, first a 60-minute, low-
volume scenario,and then a 60-minute high-volume scenario. Thesescenarioswere matched with 
the ACY scenariosin terms of the numberof arrivals and departures,aswell as entry times of 
aircraft into the scenario. However, the aircraft destinationsand flight planswere not 
systematicallyordered, so the traffic patternswere not predictable from working the previous 
scenano. 

The main dependentvariables of the experimentcanbe categorized into four distinct categoriesof 
interest. The first category was systemeffectiveness. The present experimentused a long list of 
ATC performance measuresthat have beenexaminedin previous research(Buckley, et al. 1983; 
Stein& Buckley, 1990). The present study focused on 10 of these systemeffectivenessvariables. 
They included the number of conflicts, clustering of aircraft, numberof communications, number 

of clearances,and total distancethe aircraft flew in the scenario. The second category was 
controller workload which was assessedusing ATWIT and through items on a post-scenario 
questionnaire. A third category was controller performanceas measuredby an over-the-shoulder 
observerusing an over-the-shoulderrating form as a measurementtool. This form is depicted as 
appendixC. It incorporated behavioral-anchoredrating scaleswhich provided behavioral 
examplesof poor, medium, and outstanding performance on a numberof air traffic controller 
performance dimensions. Theseexamplescorrespond, or are anchored,to scalespoints on a 
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Likert-type scale. Eight dimensionsof the form were used for the over-the-shoulder rating and 
included the following areas: communication, adaptability and flexibility, managingmultiple tasks, 
and maintaining a safeand efficient traffic flow. The last areaof interestwas the controller's self-
assessmentof his or her own performance. This was measuredby a post-scenarioquestionnaire 
administered immediately after the controller finished the scenario. The self report ratings 
reflected categoriesused currently in the terminal and enroute centers for performance rating. 
Dimensions included communication, prioritization, pre-planning, stress,and safety. In addition, 
an item regarding the degreeto which the controller thought he or shecould improve with 
practice was addedto examinethe controller's self-assessmentof mastery on the generic sector. 
The entire list of dependentmeasuresis presentedin table 2. 

3.4 PROCEDURE. 

A training program was developedto assistcontrollers in learningthe generic sector and the 
proceduresassociatedwith controlling arrival and departuretraffic. A manual detailing the 
operating procedures and LOAs associatedwith the generic sectorwas developed. This manual 
contained detailed maps of the sectorlayout, aswell as altitude restrictions for the arrival and 
departure airspace,and was provided to the participants before they arrived for their first day 
session. A copy of the manualis in appendixD. 

When controllers arrived at the HFL, they were briefed asto how the experimentwas going to be 
conducted, what was expected from them, and their rights asvolunteers. At this point, each 
controller was asked for their verbal informed consentto participate in the study. Next, 
controllers completed a demographic form which askedthem about their age and experienceas an 
air traffic controller, aswell as other variables that might affect their performance in the 
simulation. 

On the first-day session,eachcontroller first worked a one-hour ACY, low traffic volume 
scenario. After this scenariowas completed, an ATC specialistbriefed eachcontroller on the 
generic sector. This briefing included text presentationsand visual aids, including a static 
presentationof the generic sector on the radar screen. The specialistreviewed the LOAs, the fix 
names,locations, and gate altitudes for the instrumentlanding system. Each controller was given 
a chanceto ask anyquestionsand then worked the first generic scenario. As controllers worked 
eachscenario, anATC specialistmade over-the-shoulderobservationsand completed the rating 
form. After eachscenariowas finished, controllers completed a self-assessmentof their own 
performance in a Post-ScenarioQuestionnaire. At the conclusionof the final day of testing, 
participants were askedto fill out a final questionnaireand were given an opportunity to comment 
on their experiences. 

The presentation order of scenariosand counterbalancingfeatures of the experimental designare 
illustrated in table 3. All participants completed an ACY low scenarioand four generic medium 
scenarioson their first day of testing. The ordering for the four generic medium scenarioswas 
counterbalanced. On the secondday of testing, all participants completed 2 ACY scenarios(low, 
high) and a 20-minute warm-up on the generic sector. In the afternoon, all participants completed 
2 generic sector scenarios(low, high). Each controller completed eachscenario only once. 
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TABLE 2. THE LIST OF DEPENDENT VARIABLES. 

SystemEffectivenessVariables 

Cumulative Average of SystemActivity or Aircraft Density

(Number of aircraft with 10 miles of another aircraft)

Number of Altitude Assignments

Number of Heading Assignments

Number of SpeedAssignments

Number of Communications

Duration of Communications

Pseudo-Pilot Keystrokes

Total Time Under Control

Total Distance Flown

Average Arrival Interval


Controller Workload Variables 

Air Traffic Workload lnput Technique Rating 

Over-the-Shoulder Ratings 

Communicating and Informing

Managing Multiple Tasks

Technical Knowledge

Reacting to Stress

Maintaining Attention and Vigilance

Prioritizing

Maintaining a Safe and Efficient Traffic Flow

Adaptability and Flexibility 

Self-AssessmentRatin ost-Scenario uestionnaire 

Workload 
InformationExchange 
Attention 
Prioritization 
TechnicalKnowledge 
Phraseology 
Pre-planning 
Traffic Flow 
Stress 
Safety 

26 



TABLE 3. THE PRESENTATIONORDEROFSCENARIOSAND COUNTERBALANCING 
FEATURESOF THE EXPERIMENTALDESIGN. 

Participant Day 1 Day 2 

1 
2 
3 
4 

ALl GMl GM2 GM3 GM4 
ALl GM2 GMJ GM4 GMl 
ALl GM3 GM4 GMl GM2 
ALl GM4 GMl GM2 GMJ 

AL2 
AL2 
AL2 
AL2 

5 
6 
7 
8 

ALl GMI GM2 GM3 GM4 
ALl GM2 GM3 GM4 GMI 
ALl GM3 GM4 GMI GM2 
AL 1 GM4 GMI GM2 GM3 

AL2 
AL2 
AL2 
AL2 

9 ALl GMI GM2 GM3 GM4 AL2 AHI GLI GHI 
10 ALl GM2 GM3 GM4 GMI AL2 AHI GLI GHI 
II ALl GM3 GM4 GM1 GM2 AL2 AH1 GL1 GH1 

ALl andAL2 are similar low traffic volwne ACY scenarios 
AHI is a high traffic volwne ACY scenario 
GMI -GM4 aresimilar mediwntraffic volwne genericsectorscenarios 
GLI is a low traffic volwne genericsectorscenario 
GHI is a high traffic volwne genericsectorscenario 

The method selectedto assesscontroller workload was ATWIT (Stein, 1985). ATWIT provides 
an unobtrusive and reliable meansfor collecting participants' ratings of workload as they control 
traffic. In the presentstudy, a touch screenwas usedto presentthe workload rating scaleand 
record the controllers' responses. Controllers were instructed to indicate their current workload 
by pressingone of the touch screenbuttons labeledfrom 1 (very low) to 10 (very high). The 
device was configured to query the controller every 5 minutes. The controller had 20 secondsto 
respond by pressing one of the buttons. If they were too busyto respond within 20 seconds,the 
maximumworkload rating of 10 was recorded by default. In almost every instance,controllers 
were ableto respond within the allotted time. 

4. RESULTS. 

4.1 OVERVIEW. 

The results of this experimentwill be reported in sections4.2 and 4.3. Section4.2 will discuss 
analysesconducted on the measurescollected on the first-day training sessions. This approach 
will rely heavily on a one-way Analysis of Variance (ANOV A) on successivetrials on the generic 
sector. This will examinethe extent to which systemeffectivenessvariables,workload ratings, 
and expert assessmentsof perfonnance changedasthe controllers becamemore familiar with the 
generic sector. 

Section4.3 results will rely heavily on correlational relationshipsbetweenthe two sectors with 
respectto systemeffectivenessvariables,workload ratings, and expert assessmentsof 
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performance. Dependentmeasureswill be analyzedto detennine the correlation between 
performance scores on the generic and home sectors. In addition, these correlations will be 
broken down by high and low traffic volume. This is done becauseit has beenwell established 
that ATC performance and task load changedependson the volume of traffic (Davis, Danahar, & 
Fischl, 1963; Buckley, et al., 1976;Buckley, et aI., 1983; Stein, 1985; Bisseret, 1971; Coeterier, 
1971). In addition, someperformancevariables may only manifestthemselvesunder certain 
traffic conditions. For example,the over-the-shoulderrating attribute of managingmultiple tasks 
may not be present in low volume scenarioswhere the task load is light. However, in high 
volume scenarioswhere task load is increased,there maybe more of an opportunity for an 
evaluator to observethe controller perfonning multiple tasks. 

Section 4.4 will summarizethe feedbackthat controllers provided about the experiment, and the 
results of the final questionnairewill be presentedand discussed. The final questionnaireprovided 
anothermeansfor evaluatingthe generic sectorsince manyof the commentscentered on how 
representativethe generic sectorwas of a terminal environment,the effectivenessof the training 
booklet, the effectivenessof the hands-ontraining, and the realismof the simulation. 

4.2 PRACTICE AND LEARNING EFFECTS ASSOCIATED WITH THE GENERIC 
SECTOR. 

The results of a seriesof one-way ANDY As examining systemeffectivenessvariables, ATC 
performance, and workload is reported in this section. A one-way ANDY A is a formal statistical 
technique for detecting differencesbetweenmultiple levels of a singlevariable. In this portion of 
the experiment, the independentvariable examinedis practice as measuredby multiple trials. The 
multiple trials are the four generic sectorruns eachcontroller worked. If there are significant 
differences betweenthe earlier and later trials, with respectto the dependentmeasures,then the 
results would strongly suggestthat learning occurred. However, lack of a significant result may 
have multiple interpretations, asthe dependentmeasuremay lack sensitivity to learning and more 
trials may be neededbefore a learning effect canbe detected statistically. The one-way ANDY As 
were based on 44 observations(11 participants times 4 scenariosper participant). 

The meansand results of the one way ANOV As conducted on the performance measuresare 
reported in table 4. Only a subsetof those measurescollected were submitted for formal analysis. 
Many of the measurescollected were nearly all zero values, suchas numberof delays or number 

of conflicts, or they displayed extremely low variance betweencontrollers. An exampleof this 
type of situation is the numberof aircraft handled. Nearly every controller handled all the aircraft 
presentedin the traffic sample. Sincethis was an exploratory study, a probability value of p < .10 
was used as an indicator for what might appearin a larger sample. 

As shown, most of the performancemeasuresshowed a high degreeof stability and did not 
significantly changefrom trial to trial, with the exceptionof the total distance flown and time 
under control. Thesemeasureswere significantly lower in magnitude by the fourth trial. Average 
ATWIT ratings are also included in this table. Thesenumberswere calculated by averagingthe 
12 ATWIT ratings for eachrun to form a summaryscore for eachtrial. Plannedcomparisonsof 
trial one versus trial four showed that averageATWIT ratings were significantly lower in 
magnitude by the fourth trial (p < .01). 
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TABLE 4. :MEANSAND SIGNIFICANCEVALUES FOR SYSTEMEFFECTIVENESS 
VARIABLES AND ATWIT FORFOUR:MEDIUMGENERIC SECTORRUNS 

(N= 11) 

VARIABLE TRIALl TRIAL 2 TRIAL 3 TRIAL 4 SIG 

3.90 
60 
58 
6 
156 
703 
896 
17109 
1047 
153 
4.90 

3.7 
62 
54 
6 
151 
687 
874 
17032 
1041 
152 
4.40 

4.05 
65 
58 
5 
151 
706 
919 
17519 
1078 
152 
4.40 

3.58 
61 
56 
4 
146 
664 
882 
16762 
1025 
155 
3.80 

N.S. 
N.S. 
N.S. 
N.S. 
N.S. 
N.S. 
N.S. 
P < .10 

p< .05 

N.S. 
1) < .01 

CLUSTERING 
ALTITUDE CHANGES 

HEADING CHANGES 

SPEEDCHANGES 
NO. COMMUNICATIONS 

DUR COMMUNICATIONS 

PILOT KEYSTROKES 
TIME UNDER CONTROL 

DISTANCE FLOWN (miles) 

ARRIV AL INTERVAL (sec) 

AVERAGE ATWIT RATING 
N.S. -Not Significant 

The meansand results of ANDY As conducted on the over-the-shoulderratings are presentedin 
table 5. Theseratings are basedon a lO-point scalewhere a rating of 1-3 indicates generally poor 
performance, a rating of 4-7 indicates satisfactoryperformance,and a rating of 8-10 indicates 
superior performance. Theseresults also indicate an averagesatisfactoryperformance for every 
performance dimensionas measuredby the rating form on the generic sector. Theseratings did 
increaseslightly over trials for every performancedimension,but not significantly. 

The cell meansand results of ANDY As conducted on the post-scenarioquestionnaireratings are 
presentedin table 6. Theseratings are on a la-point scale,with the exception of the workload 
scalewhich was based on a 12-point scale. Most of the items were phrasedin terms of how well 
the controller performed on a particular dimensionwith a I indicating not very well and a 10 
indicating extremelywell. Exceptions to the not very well/extremely well dimensioninclude 
thepractice item which askedthe controllers how much they felt they could improve with practice, 
with a higher score indicating a greater amountof improvementpotential. Theserating 
dimensionswere adapted from the current FAA over-the-shoulderrating form. 

4.3 CORRELATIONCO-EFFICIENTSBETWEENTHE GENERIC SECTORAND ACY 
SECTORWITH RESPECTTO PERFORMANCE:MEASURES. 

The relationship betweenperfonnance on the generic sectorand the ACY sectorwas assessed 
through correlational analysis. Scorescollected from the ACY sectorhigh- and low-volume 
traffic runs were correlated with scoresfrom the generic sectorhigh- and low-volume runs, 
respectively. A correlational analysisis a fonnal statisticaltechnique for calculating the degreeto 
which two variables relate or covary. The results of the analysisproduce a correlation coefficient 
which ranges fonn -1.0 to + 1.0 and indicatesthe strengthand direction of the relationship 
betweentwo variables. A coefficient of 0.0 meansthat no relationship exists, while -1.0 and + 1.0 
indicates a perfect relationship. A positive coefficient meansthat asthe value of one variable 
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5. 91 

TABLE 5. MEANS AND SIGNIFICANCEVALUES FORTHE OVER-THE-SHOULDER 
RATINGS FORFOURGENERICSECTORRUNS 

(N=11) 

VARIABLE TRIALl TRIAL 2 TRIAL 3 TRIAL 4 SIGNIFICANCE 
COMMUNICATION 
MANAGING TASKS 
TECH. KNOWLEDGE 
STRESS 
ATTENTION 
PRIORITlZAnON 
TRAFFIC FLOW 
ADAPTABILITY 

6. 
6. 
6. 

5. 
6. 
5. 

6.18 
6.27 
5.82 
6.55 
6.18 
6.27 
5.64 
6.27 

6.55 
6.73 
6.18 
6.55 
6.36 
6.64 
6.45 
6.45 

6.73 
6.82 
6.27 
6.73 
6.55 
6.55 
6.36 
6.64 

N.N.N. 

N.N.N. 

N. 
N. 

TABLE 6. MEANS AND SIGNIFICANCE VALUES FOR THE POST-SCENARIO 
QUESTIONNAIRE RATINGS FOR FOUR GENERIC SECTOR RUNS (N = 11) 

27 
27 
2709 

640091 

s. 
s. 
s. 
s. 
s. 
s.s. 

VARIABLE TRIALIVS4 

6. 
6. 6.7.7. 

6. 
7. 
5. 
7. 
7. 

6.7. 

7. 
7.7. 

7. 
7.7. 

5. 7.6. 

6.55 
7.18 
7.27 
7.64 
8.00 
7.45 
7.45 
7.18 
6.09 
7.55 
6.27 

5.45 
8.27 
8.09 
8.27 
8.18 
8.36 
8.18 
8.09 
4.18 
8.45 
5.27 

p < .01 

p< .01 
N.S. 

p< .05 
N.S. 

p< .01 
P < .01 

p< .05 
N.S. 
N.S. 
<.05 

WORKLOAD 
INFO EXCHANGE 
A1TENTION 
PRIORITIZATION 
TECH. KNOW. 
PHRASEOLOGY 
PRE-PLANNING 
TRAFFIC FLOW 
STRESS 
SAFETY 
PRACTICE 

55 
5536 

64 
5527 

64919127 

64 
55 
5573 

TRIAL! TRIAL 2 TRIAL 3 TRIAL 4 

increasesthe value of the secondvariable increasesaswell. A negative coefficient meansthat as 
the value of one variable increasesthe value of the other variable decreases. Strong significant 
correlation co-efficients suggestthat performance on the generic sector is related to performance 
on the "home" sector. Specifically, a high positive correlation indicates that if a controller 
performed well on a performance dimensionon the generic sector, he or shealso performed well 
on this dimension for the ACY sector. This samecorrelation would also indicate that if a 
controller did not perform well on a performance dimensionon the generic sector, he or shealso 
did not perform well on this dimensionfor the ACY sector. 

Table7 showsthe resultsfor 10of the systemeffectivenessvariablesmeasuredin the simulation. 
ThistablealsoincludesaverageATWIT ratings. Theresultsshowsignificantcorrelationsfor the 
numberof altitudechangesandfor the durationof communicationsfor the high-volumerunsand 
the numberof altitudechangesandthe numberof simulationpilot keystrokesfor the low-volume 
runs. In addition,whenhighandlow traffic volumerunsareaveraged,the averagescoresare 
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TABLE 7. CORRELATION CO-EFFICIENTS AND SIGNIFICANCE VALVES FOR 
SYSTEM EFFECTIVENESS VARIABLES FOR ACY AND GENERIC SECTORS 

VARIABLE ffiGH VOLUME LOW VOLUME AVERAGED 
,",TTT"'~~~T~ (N = 10) (N = 9) (N = 9) 

CLUSTERING -0.12 0.39 0.52 
ALTITUDECHANGES 0.63** 0.80* 0.84* 
HEADINGCHANGES 0.11 -0.19 0.07 
SPEEDCHANGES 0.46 0.47 0.63*** 
NO.COMMUNICATIONS 0.50 0.57 0.74** 
DUR.COMMUNICATIONS 0.58*** 0.27 0.74** 
NO.PILOTKEYSTROKES 0.20 0.76** 0.49 
TIMEUNDERCONTROL(sec) 0.08 0.61*** 0.33 
DISTANCEFLOWN(miles) 0.09 0.58*** 0.37 

~YERAGE ATWIT 0.80* 0.90* 0.90* 
.p < .01 

..p< .05 
...p < .10 

correlated for each systemeffectivenessvariable. These correlation co-efficients are much higher 
and more consistentacrossthe variables then for the high or low volume data, respectively. 
Correlation co-efficients which could be significantly different from zero with a p < .10 were 
included, sincethis was an exploratory study. 

Table 8 shows the results from the correlational analysesfrom the over-the-shoulderrating form 
(appendix C). For the high-volume runs, five of the eight rating categoriesare significantly 
correlated, indicating a positive relationship betweenperformance on the ACY sector and the 
generic sector. The significant correlation co-efficients range from F.64 to F.80, indicating a 
moderateto high relationship betweenperformance on these sectors. For the low volume runs, 
only the communication categorywas significantly related. 

TABLE 8. CORRELATION CO-EFFICIENTS AND SIGNIFICANCE VALUES FOR OVER-
THE-SHOULDER RATINGS FOR ACY AND GENERIC SECTORS 

VARIABLE ffiGH VOLUME LOW VOLUME 
~~- (N = 10) (N = 10) 

COMMUNICATION 0.71** 0.68** 
MANAGINGTASKS 0.80* 0.00 
TECHNICAL KNOWLEDGE 0.59 0.25 
STRESS 0.64** 0.40 
ATTENTION&VIGll..ANCE 0.64** 0.16 
PRlORITIZAllON 0.39 -0.38 
TRAFFICFLOW 0.38 -0.19 
ADAPTABll..1TY 0.71** 0.71 

.p < .01 
..P < .05 
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Table 9 shows the results from the correlational analysesfrom the post-scenario questionnaire 
ratings that the controllers completed at the end of eachscenariorun. Theserating categories 
were derived from the current FAA over-the-shoulderrating form. The results indicate high 
positive correlation co-efficients for every rating category with the exception of prioritization for 
the high-volume runs. Five of the categorieswere significantly correlated for the low-volume 
runs. 

TABLE 9. CORRELATION CO-EFFICIENTS AND SIGNIFICANCE VALUES FOR THE 
POST-SCENARIO QUESTIONNAIRE RATINGS FOR ACY AND GENERIC SECTORS 

VARIABLE ffiGH VOLUME WW VOLUME ' 

(N = 10) (N = 10) 
WORKLOAD 0.77* 0.72** 
INFOEXCHANGE 0.91* 0.50 
A'n'ENTION 0.66* 0.30 
PRIORITIZATION 0.44 0.38 
TECH.KNOWLEDGE 0.75* 0.54 
PHRASEOLOGY 0.85* 0.72* 
PRE-PLANNING 0.86* 0.85* 
TRAFFICFLOW 0.91* 0.80* 
STRESS 0.71** 0.51 
SAFETY 0.72** 0.74** 
PRACTICE 0.66** 0.54 

.p<. 

..p < .05. 
4.4 FINAL OUESTIONNAIRECOMMENTSON THE ENTIREEXPERIMENT. 

A final questionnairewas administeredto eachcontroller at the end of their second day session. 
The questionsrequested information concerningthe realismof the simulation and the 
effectivenessof the training aids developed for this experiment. Thesecommentsare summarized 
in table 10. As far asthe realismof the simulation,the majority (8 of 10 responses)thought the 
simulation was very realistic. The remainingtwo controllers thought that, for the most part, the 
simulation was realistic. The majority of the controllers thought the generic sectorwas 
representativeof a typical terminal environment(6 of 10 responses). The training booklet 
received a somewhatmediocre review. A numberof controllers thought that there was more 
information than needed,although it was helpful for learningthe frequenciesand general airspace 
layout. All controllers respondedpositively to the hands-ontraining sessionthey received during 
the first day session. The questionsand a complete summaryof the responsesare listed in 
appendixE. 
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TABLE 10. FINAL QUESTIONNAIRECOMMENTSON THE GENERIC SECTOR 
SIMULATION 

5. SUMMARY AND CONCLUSIONS. 

5.1 DISCUSSIONOFLEARNING RATE FORnrn GENERICSECTOR. 

Learning rate for the generic sector canbe inferred from differences in the performance scores 
over trials on the first day for the four performance measurementcategories. Air Traffic 
Workload Input Technique (ATWIT) data provided the strongest support for learning with 
significantly lower ATWIT scoresby the last trial. One explanationfor this finding is that many 
features of the sectorbecamemore familiar as controllers went though the multiple runs. 
Specifically, controllers learnedthe fix locations, the routes, the typical flight plans, and landing 
altitudes. As this information was learned, it becamemore automatic, and therefore, the 
controller did not have to expendas much energythinking about these sector features as they did 
during the initial runs. 
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Two systemeffectiveness variables, total time undercontrol and total distanceflown, were 
significantly lower by the last generic run. One possible explanation for theseresults is that 
arrival aircraft were being handled more efficiently on the last run. This efficiency was 
accomplished by closer turn-ons to final and better control techniques in spacing arrivals on the 
localizer. 

Post-scenarioquestionnaire ratings for information exchange,prioritization, and pre-planning 
were also significantly higher by the last generic run. Questionnaireratings of workload and 
stresswere significantly lower by the last generic run. Theseresults also supportthe idea that 
controllers becamemore familiar with the featuresof the generic sector in the later runs. By the 
last run, when controllers had learnedthe fixes, flight plans, and routes, they were better able to 
perform strategic functions suchas prioritization and pre-planning. Lower workload and stress 
were a result of familiarity, better planning, and prioritization in the later runs. 

The fact that performance indicators did not change appreciably over the four runs is considered 
a positive finqing since Generawas designedfor easeof implementation. Controllers were able 
to learn it very quickly and work traffic with no major complications. Ideally, a generic sector 
should not pose hurdles, but rather it should facilitate performance. This sectordid just that. 

DISCUSSION OF CORRELATIONS BETWEEN PERFORMANCE SCORES ON THE---~ ~~--HOME SECTOR AND THE GENERIC SECTOR. 

Three of the four performance categoriesshowed high and consistentcorrelations betweenthe 
home and Atlantic City International Airport (ACY) sectors. Thesecategorieswere ATWIT 
ratings, over-the-shoulderratings, and post-scenarioquestionnaireratings. Theserelationships 
suggestthat controller timing, communication, and task managementwere basically the same 
regardlessof the sectorconfiguration. Workload, as measuredby ATWIT, was also highly 
correlated betweenthe two sectors for both high and low traffic runs. This result suggeststhat 
once the sectorwas learned, the task load was basically the sameregardlessof the sector 
configuration. The results indicated that controller performance, as measuredby ratings and self-
report measuresof workload, was very similar in both sectorconfigurations. 

The automated SystemEffectiveness Measure (SEM) variables showed low to moderate 
correlations betweenthe home and generic sectors. This could mean that there are low 
relationships between SEMs for the two sectors,given the small sample sizes and limited number 
of runs. Given the fact that the majority of other data doescorrelate, a more likely hypothesis is 
that more data is neededbefore the SEMs will provide significant correlations. Support for this 
idea is provided by the correlational analyseswhich useddata which was averagedover the high 
and low traffic trials. These correlation co-efficients are larger in magnitude than correlation co
efficients using the segregatedhigh and low traffic volume data. 

There is anothermore logical explanation asto why the correlations were not higher than they 
were. The researcherson this project may have tried too hard to make the generic sectorall it 
could be. They were concerned with its generalizability to other contexts and felt that it would 
be enoughif it was similar to the home sectorand could evoke relatively comparable 
performance patterns. The traffic scenarioswere developedusing the Official Airline Guide a& 
compared to those for the home sectorthat were basedon the actual traffic seenat ACY. In an 
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effort to createthe ultimate terminal generic sector, they may have inadvertently created 
differences betweenthe home sectorand generic runs that lowered the performance relationships. 
This was a classic designartifact, and it was fortunate that the correlations were as high as they 
were. In a follow up study, subject matter experts and supervisory controllers rated 20 hours of 
video-taped performance from this study. They used a new evaluation form developed for 
reliability and validity. The experts were able to transcendthe artificial air traffic scenario 
differences, and they identified much higher relationships acrosshome and generic sectors. This 
follow-on study will be reported at a later date. 

In general, thesefindings supportthe idea that a generic sector,once learned, canbe used as a 
performance measurementtool even though it may have different physical features from the 
controller's home sector. 
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APPENDIX A 

LETTERS OF AGREE:MENTBETWEENGENERIC SECTORAND ADJACENTAIRPORTS 

Effective: 1 November 1994 

SUBJECT: Tower EnRouteControl (TEC) 

TO: GeneraInternationalAirport 
TexasRegionalAirport 

1. PURPOSE. This agreementdefinesGeneraInternational Airport and Texas Regional Airport 
procedures for Instrument Flight Rule (IFR) TEC. 

2. SCOPE. The TEC procedurescontained herein shall apply unless prior coordination is 
affected. Theseproceduresare effective only with operational radar. TEC will be on an approval 
requestbasisif either facility's radar is out of service. 

3. PROCEDURES. 

a. TEC is limited to flights landing and taking otfwithin both approachcontrol's airspace. 

b. Radar handoffs are mandatory prior to entering the receiving facility's area, either by 
automated procedures or manuallyvia interphone. Transfer of control releasescontrol for 
turns of up to 30 degreesfrom assignedheading. 

TransferControlPoints(TCPs):c. 

1)TheTCPs,with associatedroutes,altitudes,andfrequenciesfor TEC, arelisted 
belowanddepictedon attachment1 

d. Flow Control. 

1) Initiate, update ,and relay essentialinformation betweenfacilities to establishand 
ensure an acceptableTEC traffic flow. 

2) When flow control restrictions have beenimposed within the TEC structures, 
concernedfacilities shall inform adjacentlocations. 

3) Verbal approval requestsshallbe required prior to releasingaircraft on the ground 
when delaysare in effect. 

4. COORDINATION. All advanceflight coordination shallbe via automated flight progress 
strips. In the event ofNAS computer failure, the aircraft identification, type aircraft, discrete 
transpondercode, route destinationairport, and altitude shallhave beenrelayed to the receiving 
facility prior to initiating a handoff. 
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LETTER OFAGREEMENT 

Effective: 1 November 1994 

SUBJECT: Tower EnRouteControl (TEC) 

TO: GeneraInternationalAirport 
GeorgiaRegionalAirport 

1. PURPOSE. This agreementdefinesGeneraInternational Airport and Georgia Regional 
Airport procedures for Instrument Flight Rule (IFR) TEC. 

2. SCOPE.The TEC procedurescontainedhereinshallapplyunlessprior coordinationis 
effected.Theseproceduresareeffectiveonlywith operationalradar. TEC will be on anapproval 
requestbasisif eitherfacility'sradaris out of service. 

3. PROCEDURES. 

a. TEC is limited to flights landing and taking offwithin both approachcontrol's airspace. 

b. Radar handoffs are mandatory prior to enteringthe receiving facility's area, either by 
automated procedures or manually,via interphone. Transfer of control releasescontrol for 
turns of up to thirty (30) degreesfrom assignedheading. 

TransferControlPoints(TCPs):c. 

1) The TCPs, with associatedroutes, altitudes and frequencies for TEC are listed below 
and depicted on attachment 1. 

GEORGIATO GENERA(TERMINAL EN ROUTE CONTROL) 

ALTITUDES 

3000/5000 
3000/5000 
3000/5000 
3000/5000 

FREQUENCY 

128.5 
128.5 
128.5 
128.5 

TCP 

GGNXA 
GGNXA 
GGNXA 
GGNXA 

ROUTE 

GEO GENNY GEN 
GEO DOWNY DWN 
GEO:MIDDY MID 
GEO GENUPPTY UPT 

GENERATO GEORGIA(TERMINAL EN ROUTE CONTROL) 

ALTITUDES 

4000/6000 
4000/6000 
4000/6000 
4000/6000 

FREQUENCY 

129.0 
129.0 
129.0 
129.0 

TCP ROUTE 

GEN SWEDD GEO 
DWN SWEDD GEO 
:l\.1IDSWEDD GEO 
UPT SWEDD GEO 

SWEDD 
SWEDD 
SWEDD 
SWEDD 
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5. ATTACHMENT 

Transfer of Control Points, ArrivaJ/DepartureRoutes, and Frequencies.Attachment 1 

EDWARDBUCKLEY 
Manager,GeneraInternationalAirport 

PAUL STRINGER 
Manager,GeorgiaRegionalAirport 

GEO/GENTWR LOA EFFECTIVE: NOVErvmER 1,1994 
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LETTER OF AGREEMENT 

Effective: 1 November 1994 

SUBJECT: TowerEnRouteControl (TEC) 

GeneraInternationalAirport 
MaineRegionalAirport 

1. PURPOSE. This agreementdefinesGeneraInternational Airport and Maine Regional Airport 
procedures for Instrument Flight Rule (IFR) TEC. 

2. 	SCOPE. The TEC procedurescontained herein shall apply unless prior coordination is 
effected. Theseproceduresare effective only with operational radar. TEC will be on an approval 
requestbasisif either facility's radar is out of service. 

3. PROCEDURES. 

b. 	Radar handoffs are mandatory prior to enteringthe receiving facility's area, either by 
automated procedures or manually,via interphone. Transfer of control releasescontrol for 
turns of up to thirty (30) degreesfrom assignedheading. 

C. Transfer Control Points (TCPs): 

1) The TCPs, with associatedroutes, altitudes, and frequenciesfor TEC are listed 
below and depicted on ATTACHMENT 1. 

MAINE TO GENERA(TERMINAL EN ROUTE CONTROL) 

ROUTE ALTITUDESTCP FREQUENCIES

MGNXA 
MGNXA 
MGNXA 
MGNXA 

MAl GENNY GEN 
MAl GENDOWNY DWN 
MAl MIDDY MID 
MAl UPPTY UPT 

3000/5000 
3000/5000 
3000/5000 
3000/5000 

129.5 
129.5 
129.5 
129.5 

GENERATO MAINE (TERMINAL EN ROUTE CONTROL) 

NEAST 
NEAST 
NEAST 
NEAST 

ALTITUDES 

4000/6000 
4000/6000 
4000/6000 
4000/6000 

FREQUENCIES 

130.0 
130.0 
130.0 
130.0 

ROUTE 

GEN NEAST MAl 
DWN GENNEAST MAl 
MID NEAST MAl 
UPT NEAST MAl 
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d. Flow Control. 

1)Initiate,update,andrelayessentialinfonnationbetweenfacilitiesto establishand 
ensureanacceptableTEC traffic flow. 

2) When flow control restrictions have beenimposed within the TEC structures, 
concernedfacilities shall inform adjacentlocations. 

3) Verbal approval requestsshall be required prior to releasingaircraft on the ground 
when delaysare in effect. 

4. COORDINATION. All advancedflight coordination shallbe via automated flight progress 
strips. In the event of National Airspace System(NAS) computer failure, the aircraft 
identification, type of aircraft, discrete transpondercode, route destinationairport, and altitude 
shallhave beenrelayed to the receiving facility prior to initiating a handoff. 

ATT ACffiv1ENT 

Attachment 1 Transfer of Control Points, Arrival/Departure Routes, and Frequencies. 

EDWARDBUCKLEY 
Manager, GeneraInternational Airport 

JERRY GillTMAN 
Manager,MaineRegionalAirport 

MAI/GEN TWR LOA EFFECTIVE: NOVEMBER 1,1994 
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LETTER OFAGREE1vffiNT 

Effective: 1 November 1994 

SUBJECT: TowerEnRouteControl (TEC) 

TO: GeneraInternationalAirport 
Atlantic RegionalAirport 

1. PURPOSE. This agreementdefinesGeneraInternational Airport and Atlantic Regional 
Airport procedures for Instrument Flight Rule (IFR) TEC. 

2. SCOPE. The TEC procedurescontained hereinshall apply unless prior coordination is 
effected. Theseproceduresare effective only with operational radar. TEC will be on an approval 
requestbasisif either facility's radar is out of service. 

3. PROCEDURES. 

a. TEC is limited to flights landing and taking off within both approachcontrol's airspace. 

b. Radar handoffs are mandatory prior to enteringthe receiving facility's area, either by 
automated procedures or manually,via interphone. Transfer of control releasescontrol for 
turns of up to thirty (30) degreesfrom assignedheading. 

c. TransferControlPoints(TCPs): 

1) TheTCPs,with associatedroutes,altitudes,andfrequenciesfor TEC arelisted 
belowanddepictedon ATTACHMENT 1. 

ATLANTIC TO GENERA(TERMINAL EN ROUTE CONTROL) 

TCP 

AGN:XA 
AGN:XA 
AGN:XA 
AGN:XA 

ROUTE 

AL T GENNY GEN 
ALT DOWNY DWN 
ALT GENMIDDY MID 
ALT UPPTYUPT 

ALTITUDES 

3000/5000 
3000/5000 
3000/5000 
3000/5000 

GENERATO ATLANTIC (TERMINAL EN ROUTE CONTROL) 

TCP 

EASTD 
EASTD 
EASm 
EASTD 

ROUTE 

GEN EASTD ALT 
DWN EASTD ALT 
MID GEN EASTD ALT 
UPTEASTDALT 

ALTITUDES 

4000/6000 
4000/6000 
4000/6000 
4000/6000 

FREQUENCY


130.5 
130.5 
130.5 
130.5 

FREQUENCY 

131
131
131
131

.0 

.0 

.0 

.0 
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d. Flow Control. 

1) Initiate, update, and relay essentialinformation betweenfacilities to establishand 
ensure anacceptableTEC traffic flow. 

2) When flow control restrictions have beenimposed within the TEC structures, 
concernedfacilities shall inform adjacentlocations. 

3) Verbal approval requests shallbe required prior to releasingaircraft on the ground 
when delaysare in effect. 

4. COORDINATION. All advancedflight coordination shallbe via automated flight progress 
strips. In the event ofNAS computer failure, the aircraft identification, type aircraft, discrete 
transpondercode, route destinationairport, and altitude shall have beenrelayed to the receiving 
facility prior to initiating a hando£r. 

5. ATTACHMENT 

Attachment1 Transferof ControlPoints,Arrival/DepartureRoutes,andFrequencies. 

EDWARDBUCKLEY 
Manager)GeneraInternational Airport 

DENNIS Fll.LER 
Manager, Atlantic Regional Airport 

ALT/GEN TWRLOA EFFECTIVE;NOVEMBER 1,1994 
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APPENDIXB 

LETTERS OF AGREE:MENTBETWEENGENERICSECTORAND EN ROUTECENTERS


NORTH CENTRAL CENTER AND GENERA INTERNATIONAL AIRPORT 
LETTER OF AGREEMENT 

Effective: November 1, 1994 

SUBJECT:APPROACHCONTROLSERVICE 

1. PURPOSE: To establishGeneraApproach Control boundariesand define the coordination 
necessaryto exercise approachcontrol service. 

2. DELEGATION OF AUTHORITY: North Central Center (ZNC) delegatesto Genera Tower 
(GEN) authority and responsibility for control of Instrument Flight Rule (IFR) arrival, departure, 
and tower en route aircraft in controlled airspacewithin the Approach Control Area, as described 

herein. 

3. SCOPE: The procedurescontainedherein shall applyunless prior coordination has been 

effected. 

4. GENERAL: Minimum separationbetween aircraft when transfer of control is accomplished 
shallbe at least 5 miles constant or increasing. 

5. RADAR HANDOFFS: Radar handoffs are mandatory prior to the aircraft entering the 
receiving facilities' airspace. 

6. COORDINATION: Verbal coordination is not required for any aircraft:having an Automated 
Terminal Radar System(ARTS) or Flight Data Entry Printout (FDEP)- generatedflight plan. In 
the event ofZNC computer or GEN FDEP failure, the receiving facility shall be informed of the 
incoming or outgoing flights flight plan well in advanceof the flights arrival or departure. 

7. PROCEDURES: 

a. DEPARTURE CONTROL 

1) GEN Approach Control shall initiate departure clearancesto all aircraft without 
calling the center. 

2) GEN shall clear departure aircraft to altitudes within the Approach Control 
Airspace (17000 andbelow). 

3) Departure aircraft shallbe establishedon assignedroutes by GEN prior to 
penetrating ZNC airspace,as shown on Attachment 1. 

4) Aircraft requesting altitude/flight level abovethe initial clearancealtitude (17000) 
shall be told to expect further clearanceto requestedaltitude/flight level ten (10) 
minutes after departure. 
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b. ARRIVAL CONTROL 

1) All arrivals shall be assignedairport clearancesvia routings depicted in Attachment2. 

EXCEPTIONS: 

a) When GEN radar is inoperative. 
b) When arrival delaysare anticipated. 

2) All arrivals shallbe clearedto descendto 8000 providing radar handoff and 
communications transfer is made prior to the arrival aircraft entering GEN airspace. 

3) The tower shallhavecontrol for descentand30 degreeturns right or left of course 
aftertransferof controlhasbeenaccomplished. 

4) All arrival aircraft shall have a speedrestriction of250 kt when the hourly arrival 
rate exceeds25 aircraft. 

8. ATTACHMENTS: 

a. Attachment1---Departureroutes,Frequencies,andTransferof ControlPoints. 
b. Attachment2--- Arrival routes,Frequencies,andTransferof ControlPoints. 

ED BUCKLEY 
Air Traffic Manager 
GeneraInternationalTower 

KATHY MANN 
Air Traffic Manager 
North Central Center 

ZNC/GEN TWR LOA EFFECTIVENOVEMBER 1, 1994 
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SOUTH CENTRAL CENTER AND GENERA INTERNATIONAL AIRPORT 
LETTER OF AGREEMENT 

Effective: November1, 1994 

SUBJECT: APPROACH CONTROL SERVICE 

1. PURPOSE: To establishGeneraApproach Control boundariesand define the coordination 
necessaryto exercise approachcontrol service. 

2. DELEGATION OF AUTHORITY: South Central Center (ZSC) delegatesto Genera Tower 
(GEN), authority and responsibility for control ofIFR arrival, departure and tower en route 
aircraft in controlled airspacewithin the Approach Control Area as describedherein. 

3. SCOPE: The procedurescontained hereinshall applyunlessprior coordination has been 
effected. 

4. GENERAL: Minimum separationbetweenaircraft when transfer of control is accomplished 
shall be at leastfive (5) miles constant or increasing. 

5. RADAR HANDOFFS: Radar handofIs are mandatory prior to the aircraft entering the 
receiving facilities' airspace. 

6. COORDINATION: Verbal coordination is not required for anyaircraft having an ARTS or 
FDEP generated flight plan. In the eventof ZSC computer or GEN FDEP failure, the receiving 
facility shall be informed of the incoming or outgoing flights flight plan well in advanceof the 
flights arrival or departure. 

7. PROCEDURES: 

a. DEPARTURECONTROL 

1) GEN Approach Control shallinitiate departure clearancesto all aircraft without 
calling the center. 

2) GEN shall clear departure aircraft to altitudes within the Approach Control 
Airspace (17000 and below). 

3) Departure aircraft shall be establishedon assignedroutes by GEN prior to 
penetrating ZSC airspaceas shown on Attachment 1. 

4) Aircraft requesting altitude/flight level abovethe initial clearancealtitude (17000) 
shallbe told to expect further clearanceto requestedaltitude/ flight level ten (10) 
minutes after departure. 
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b. ARRIVAL CONTROL 

1) All arrivalsshallbe assignedairportclearancesvia routingsdepictedin attachment 
2. 

EXCEPTIONS: 

a) WhenGENradaris inoperative. 

b) When arrival delaysare anticipated. 

2) All arrivals shallbe clearedto descendto (8000) providing radar handoff and 
communications transfer is made prior to the arrival aircraft entering GEN airspace. 

3) The tower shallhavecontrol for descentand30 degreeturns right or left of course 
aftertransferof controlhasbeenaccomplished. 

4) All arrival aircraft shall have a speedrestriction of250 kt when the hourly arrival 
rate exceeds25 aircraft. 

8. ATTACHMENTS: 

---Departure Routes, Frequenciesand Transfer of Control Points.a. Attachment 

b. Attachment 2 ---Arrival routes, Frequenciesand Transfer of Control Points. 

ED BUCKLEY 
Air Traffic Manager 
GeneraInternationalTower 

RANDY SOLLENBERGER 
Air Traffic Manager 
SouthCentralCenter 

EFFECTIVE: NOVEMBER 1,1994ZSC/GENTWR LOA 
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APPENDIXC 

SACHAOVER-THE-SHOULDERRATING FORM 



10# 

SCENARIO # 

COMMUNICATING AND INFORMING 
USES CLEAR CONCISE ACCURATE LANGUAGE TO GET MESSAGE ACROSS UNAMBIGUUOUSL Y. TALKING ONLY 
WHEN NECESSARY AND APPROPRIATE; EMPLOYING PROPER PHRASEOLOGY TO ENSURE ACCURATE 
COMMUNICATION; NOTIFYING PILOTS/COmROLLERS/OTHER PERSONNEL OF INFORMATION THAT MIGHT 
AFFECT THEM AS APPROPRIATE; ISSUING ADVISORIES AND ALERTS TO APPROPRIATE PARTIES; LISTENING 
CAREFULLY TO REQUESTS AND INSTRUCTIONS AND ENSURING THAT THEY ARE UNDERSTOOD; ATTENDING TO 
READBACKS AND ENSURING THAT THEY ARE ACCURATE. 

i 1. 2 3 14 5 6 7 I 8 9 101 
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MANAGING MULTIPLE TASKS 

KEEPING TRACK OF A LARGE NUMBER OF AIRCRAFT/EVENTS AT ONE TIME; CONDUCTING TWO OR MORE TASKS 
SIMULTANEOUSLY; REMEMBERING AND KEEPING TRACK OF AIRCRAFT AND THEIR POSmONS; REMEMBERING 
WHAT YOU WERE DOING AFTER AN INTERRUPTION; RETURNING TO WHAT YOU WERE DOING AFTER AN 
INTERRUPTION AND FOLLOWING THROUGH; PROVIDING PILOTS WITH ADDITIONAL SERVICES AS TIME ALLOWS 
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TECHNICAL KNOWLEDGE 

KNOWING THE EQUIPMENT AND rrs CAPABILrTlES AND USING IT EFFECTIVELY; KNOWING AIRCRAFT CAPABILITIES 
LIMITATIONS (SPEED, WAKE REQUIREMENTS) AND USING THAT KNOWLEDGE; KEEPING UP-TO-DATE ON LETTERS 
OF AGREEMENT, CHANGES IN PROCEDURES, REGULATIONS, ETC. KEEPING UP-TO-DATE ON SELDOM USED 
PROCEDURES OR SKILLS 

L1 2 3 [4 5 6 7 I 8 9 101 

C-3 



11 2 3 14 5 6 7 I 8 9 101 
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REACTING TO STRESS 
REMAINING CALM AND COOL UNDER STRESSFUL SITUATIONS; HANDLING STRESSFUL AIR TRAFFIC 
CONDITIONS IN A PROFESSIONAL MANNER 



MAINTAINING ATTENTION AND VIGILANCE 

SCANNING PROPERLY FOR AIR TRAFFIC EVENTS, SrrUATIONS, POTENTIAL PROBLEMS ETC. 
KEEPING TRACK OF EQUIPMENT WEATHER STATUS; IDENTIFYING UNUSUAL EVENTS, IMPROPER 
POSmONING OF AIRCRAFT. RECOGNIZING WHEN AIRCRAFT HAVE POTENTIAL FOR LOSS OF 
SEPARATION; VERIFYING VISUALLY THAT CONTROL INSTRUCTIONS ARE FOLLOWED, REMAINING 
VIGILANT DURING SLOW PERIODS 

11 2 3 14 5 6 7 I 8 9 101 
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PRIORITIZING 

11 2 3 14 5 6 7 I 8 9 101 
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MAINTAINING SAFE AND EFFICIENT TRAFFIC FLOW 

REACTING TO AND RESOLVING POTENTIAL CONFLICTIONS EFFECTIVELY AND EFFICIENTLY; USING PROPER AIR 
TRAFFIC SEPARATION TECHNIQUES EFFECTIVELY TO ENSURE SAFETY; SEQUENCING AIRCRAFT EFFECTIVELY FOR 
ARRIVAL OR DEPARTURE; SEQUENCING AIRCRAFT TO ENSURE EFFICIENT/TIMEL Y TRAFFIC FLOW; CONTROLLING 
TRAFFIC IN A MANNER THAT ENSURES EFFICIENT TRAFFIC FLOW; CONTROLLING TRAFFIC IN A MANNER THAT 
MINIMIZES TRAFFIC PROBLEMS (E.G. CONFLICTIONS, TRAFFIC FLOW PROBLEMS) FOR OTHER CONTROLLERS AND 
PILOTS 

11 2 3 14 5 6 7 I 8 9 101 
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ADAPTABILITY AND FLEXIBILITY 
REACTING EFFECTIVELY TO DIFFICULT EQUIPMENT PROBLEMS, CHANGES IN WEATHER, TRAFFIC 
SITUATIONS, ETC, OR TO UNEXPECTED ACTIONS ON THE PART OF OTHER CONTROLLERS OR 
PILOTS; USING CONTINGENCY OR FALL-BACK STRATEGIES EFFECTIVELY WHEN UNFORSEEN/ 
UNANTICIPATED AIR TRAFFIC PROBLEMS EMERGE OR IF FIRST PLAN DOESN"T WORK; ASKING 
FOR HELP WHEN irS NEEDED; DEVELOPING/EXECUTING INNOVATIVE SOLUTIONS TO AIR TRAFFIC 
PROBLEMS; DEALING EFFECTIVELY WITH SITUATIONS FOR WHICH THERE MAY NOT BE CLEARLY 
PRESCRIBED PROCEDURES, SITUATIONS WHICH REQUIRE NOVEL THINKING; ADAPTING TO EQUIPMENT 
UPDATES, NEW PROCEDURES ETC. 
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APPENDIXD 

GENERIC SECTORTRAINING MANUAL 

FORWARD 

The purpose of this Training Guide is to develop StandardOperating Proceduresand define radar 
position responsibilities for GENERA APPROACH CONTROL (FAA's Generic Sector) along 
with presenting operating guidelinesto be followed while controlling traffic in both the ACY and 
Generascenarios. 

Controllers are expectedto be familiar with the provisions contained in this guide as they pertain 
to the operational requirementsof the GeneraArrival and Departure positions and to exercise 
their bestjudgment if they encountersituations not covered by it. 

Sincethis is a two part experimentand one half of the study deals specifically with ACY traffic, it 
is envisioned that controllers will adhereto current procedurescontained in the Standard 
Operating Procedures (SOPs)Manual (ACY 7110.4) while controlling ACY traffic. With the 
exception of certain automation restrictions asnoted in this guide, most traffic should closely 
follow SOPpatterns. 
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BACKGROUND


EarlierPERI/FAA experimentalstudies,in memoryrelatedareas,haveconfinnedthatinexpensive 
ATC simulationsystemscanprovidea vehiclefor testingcontrollerperformanceona limited 
basis. 

Using PC-based,off the shelf, hardware and TRACON ll, an ATC software program that 
graphically depicts a radar approachcontrol scopedisplay, experimenterswere able to investigate 
the effects of two memory strategies(planning and flight strip management)on ATC 

performance. 

Since completion of the initial experimentsin May, 1993, the FAA Technical Center Human 
Factors Laboratory haspurchasedseveralhigh fidelity, state of the art, console based simulation 
and training systemsfrom UFA Inc. of Lexington, MA., the makers of ATCoach. These systems 
cameequipped with a 22 inch, high resolution, color radar displaymonitor, with three button 
trackball, ARTS IlIA keyboard, pseudo-pilot position and offer, as an option, a speaker 
independent,voice recognition, pilot responsecommunicationssystem. 

ATCoach's simulation systemis configured to closelyreplicate both terminal and en route 
environmentsincluding control panelsand keyboards. Approach Control airspaceand En Route 
sectorboundaries can be constructedto align with map overlays in use at FAA facilities. 
Scenariosthat closely resemblethe daily traffic flow, including STARs and Sills, canbe 
developedusing air traffic data collected from actual flight progress strips of past days traffic. 
Currently in use at severalUniversities, the ATCoach systemhas beenprimarily programmed to 
satisfy basic radar training requirementswith the emphasison developing a college level 
curriculum that meets FAA criteria. ATCoach provides staff personnelwith adequateinformation 
to enableinstructors to closely monitor new developmentalsfor adherenceto ATC rules and 
proceduresaswell as analyzingthe future controllers decisionmaking skills. 

This record keeping processis exceptional in that everything that transpires during a given traffic 
scenariois collected and stored in memory. So far, its use has beenmostly in an academicsetting 
and many of its outstanding featureshave not beenexplored. This state of the art systemwas 
successfullyprogrammed to allow experimentorsto evaluatespecific memory variables in a 
recently completed memory enhancementexperiment(May 1994). 

GENERAL :METHOD 

PERIJFAA memory experimentswhich beganin January 1994, included modifying and 
intensifying the record keeping capabilitiesof the ATCoach data processor. Specific variables 
were createdto measurecontroller on-the-job performance in memory and performance related 
tasks. Scenarioswere designedto test memory limitations under a variety of circumstances. 
Memory techniques/strategies and aids were tested from two standpoints;first, to check for 
usability under heavyworkloads, and second,to assessthe aids ability to effectively increase 
productivity without draining mentalresources. 

Results gathered from past experimentscoupled with data derived from this performance study 

D-2 



should prove to be invaluable in evaluatingadditional memory aids, developing new and enhanced 
aids, assessingindividual controller techniques/strategiesas they relate to reducing memory 
requirements,improving memory recall, increasing memory capacity, and hopefully, in measuring 
controller performance. 

Additionally, information, collected from pastexperiments,is being used asthe basis for a 
databasethat should enablefuture researchersto detect specific variables that increase/decrease 
reliance on working memory and increase/decreasea controllers traffic handling capacitieswhile 
improving performance. This data will be indispensablein defining individual controller memory 
limitations and recording performanceas it relatesto productivity. 

ATCOACH SPECIFICS and SCENARIO RESTRICTIONS 

ATCoach is pretty particular about certain separationstandards. 

YOU MUST STAY AT LEAST THREE MILES FROM THE FINAL APPROACH COURSE 
WHEN VECTORING AN AIRCRAFT ON DOWNWIND LEG. IN MOST CASES IT IS 
BEST TO USE A WIDER DOWNWIND LEG OR ALTITUDE SEPARATION TO 
PRECLUDE A "CA" ALERT. 

YOU MUST USE THE TWENTYffHIRTY DEGREE INTERCEPT RULES WHEN 
TURNING AN AIRCRAFT ON THE FINAL INTERCEPT HEADING PRIOR TO ISSUING 
APPROACH CLEARANCE. ALLOW AN EXTRA ~E OR TWO. BETTER YET, MAKE 
ALL YOUR TURN ONS AT TEN ~ES. 

TRY TO PREPLANALL OF YOURACTIONS. SINCETIllS IS A COMPUTERBASED 
SllvfULATION, IT Wll..L BE IMPOSSffiLETO: 

A) MAKE TIGHT TURNS 

B) EXPEDITE CLIMBS/DESCENTS 

C)MAKE VISUAL APPROACHES 

If you make a poor turn on and your aircraft executesa missedapproach, you will still be 
responsiblefor safelyvectoring the aircraft back around for anotherapproach. If the turn to final 
is the fault of the pseudo pilot or computer, the aircraft will be allowed to land and you won't be 
penalized. This decision will be made by a PERI staff controller who has a background in . 
terminals and will be monitoring your control techniques. 

Flight progress strips will closelyresemblethose currently used at your facility. Controllers are 
urged to use them as a back-up system. The ARTS IlIA keypack should enablecontrollers to 
perform computer functions that closelyreplicate their facilities environment. Phraseology should 
be in accordancewith the ATP 7110.65 manual. 
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Although no provisions were made for separatelandline communications, coordination should be 
handled in a mannersimilar to facility SOPssimulating the use of an intercom for voice 
communications. The pseudo-pilots will initiate most coordination requests. 

The ATCoach simulator has beenpreset at a range that will offer optimum radar coverage for the 
scenarios. You may want someadjustmentsmade prior to testing. We can alter the following: 

a) range mark intensity 
b) A/N charactersize 
c) compassrose--on\off 
d) radar range 

Efforts have beenmadeto keep simulation scenariosrealistic and challenging, including using 
actual aircraft call signsgatheredfrom pasttraffic statistics. Control instructions will be issuedto 
pseudo-pilots who will make the necessarycomputer entries and try to respond in a professional 
manner. Since it is virtually impossibleto cover all phraseologyassociatedwith controlling traffic 
in a terminal environment, you may haveto repeatsomeinstructions. Your patiencewill be 

appreciated. 

Pay close attention to readbacks. Hopefully, the pseudoshave enoughexperienceto correctly 
read back clearancesbut there still maybe anoccasionalinverted number. If a mistake is made it 
will be purely unintentional asthere aren't any built-in glitches. 

NOTE: Standardresponsibilities for the separationand control of Air Traffic are not reiterated in 
this guide, since they are explained in other handbooksand manualsand controllers should be 
familiar with their application. 

EXCEPTIONS: 

Due to the experimental design,a few exceptionswere made: 

a) Controllers have to acceptand give radar hand-offs. Departures will not automatically 
hand-off. 

b) All radar positions are combined. Although the combining of positions is a routine 
occurrence, it only happensunder light to moderatetraffic conditions. Most of the heavy 
traffic scenarioswould require de-combiningthe positions. Keeping positions combined was 
a intentional manipulation designedto increasecomplexity by forcing controllers to scanthe 
entire scope,thereby, increasingtheir workload. 

* * NOTE: The heavy scenariosare deliberatelydesignedto replicate an overloaded terminal 

sector. We are trying to determine when a sectoris saturatedusing a combination of heavy 
volume and traffic complexity. Do not feel intimidated. You are expectedto stop the traffic flow 
and initiate holding wheneveryou seethe need. 
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c) Controllers will be required to make final approachturn ons to all satellite airports. In order to 
equalizeworkload, no provisions were made for using the Rainbow Transition or other automated 
approachroute segments. 

ScenarioDesignACY 

Scenarioswere designedto take into account most of the tasks associatedwith controlling the 
Atlantic City South Arrival and Departure radarpositions, in a South landing configuration at the 
Atlantic City Approach Control under Instrument Flight Rules (IFR). For all of the test scenarios, 
we have programmed the following weathers. 

W4X1F 56/49 150830.00 ILS Runway 13 approachesin use 

AIY: W7X2F 54/50 140830.00VORRunway11 approachesin use 

W6X1F 55/48 120530.00 n..S Runway 10 approachesin use 

WWD : W8X2F 57/51 160630.00 ILS Runway 19 approachesin us 

Information" A" is the current ATIS 

The weather dictates that all scenarioaircraft haveto be treated as instrument flights. This 
precludes using anyVisual Approach techniques. Scenariosconsistof light and heavytraffic 
volumes and will be assignedat the discretion of the experimenters. Holding patterns have been 
establishedwhich correlate with airspaceboundaries. 

ScenarioDesign Genera ApQroach 

Scenarioswere designedto take into account most of the tasks associatedwith controlling the 
GeneraNorth Arrival and Departure radar positions, in a North landing configuration at Genera 
Approach Control under Instrument Flight Rules (IFR). For all of the test scenarios,we have 
programmedthe following weathers. 

W5X2F 56/49 3608 30.00 ILS Runway 36R approachesin use 

DWN : W6XIF 55/48 0205 30.00 ILS Runway 04 approachesin use 

:MID : W7X2F 54/50 3408 30.00 ILS Runway 33 approachesin use 

UPT : W8X2F 57/51 360630.00 ILS Runway 01 approachesin use 

Information"G" is the currentATIS 

The weather dictates that all scenarioaircraft haveto be treated as instrument flights. This 
precludesusing anyVisual Approach techniques. Scenariosconsist of light, moderate and heavy 
traffic volumes and will be assignedat the discretion of the experimenters. Holding patterns have 
beenestablishedwhich correlate with airspaceboundaries. 
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ARRIVAL AND DEPARTURECONTROL 

Controllers are expectedto comply with facility establishedroutings as depicted in the Letters of 
Agreement (LOAs). 

1. Arrival Control--- Arrivals should be vectored and descendedwithin the confines of the Arrival 
Airspace Jurisdiction Charts as depicted herein. 

a) Hand-offs should be acceptedas soonasthe aircraft are flashingin a hand-off mode. 

b) Although positions are combined, all efforts should be madeto confonn to altitude 
restrictions as depicted in the Airspace Jurisdiction charts. 

2.) DeQartureControl--- Departures should be vectored and climbed within the confines of the 
Departure Airspace Jurisdiction Chart as depicted herein. 

a) Hand-offs should not be madeuntil the departingaircraft is clear of all traffic, climbing to 
prescribed altitude, and navigating to first assignedfix outside of GeneraAirspace. 

b) Although positions are combined, all efforts should be madeto confonn to altitude 
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APPENDIXE 

FINAL QUESTIONNAIRERESPONSES 

1. How realisticwasthe simulation? 

01. Very good, otherthanthe DH8 descent. 

02. The simulationwasveryrealistic. 

03.No response. 

04. Very. 

05. For the most part very realistic. 

06. This simulation was very realistic. It standardizedthe arrival and departure sequence 
allowing me to acceptmore traffic without losing sight of my objective. 

07. Very realistic, better than what we use in our TTG simulator. 

08. Pretty realistic. 

09. Very real. 

10. About 90% realistic, work still needsto be done on descentrates and turn rates, 

11. The simulation seemedvery realistic. 

2. How representativewas the generic sectorof a typical terminal environment? 

01. OK, maybetoo basic. 

02. Very representative,except that ACY normally works overflight traffic. 

03.No response. 

04. Very. 

05. N/A (only worked ACY). 

06. Very representativeof a level V type approachcontrol. 

07. Fairly well representative,satellite airports and altitude restrictions seemrealistic. 

08. Set up well. 

09. Very typical 

10. Not to typical, it works to well. 

11. It differs much from ACY operation, but I supposeit is typical of a level 5 operation. 

3. How helpful was the training booklet in learningthe generic sector? 

01. Didn't look at it beforethe problems. 

02. Not muchfor myself. 
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03. No response. 

04. Didn't really seeit. 

05. Not very, too much information. 

06. The booklet gave me enoughinformation to allow me to begin eachscenario with 
minimal required information. 

07. Somewhat,there is more information than is needed,however the airspace, sector

boundaries, etc., are very helpful to know in advance.


08. Very helpful.


09. Not very.


10. More infonnation in the booklet than was needed. It could have beensimplified.


11. Good to learn frequenciesand airspacelayout, but I didn't really understand much of the

operation till I saw it in operation.


4. Was the hands-ontraining adequateon the day 1 session? 

01. Yes, very good. 

02. Yes. 

03. No response. 

04. Yes! Very. 

05. Yes. 

06. The hands-ontrainingprovidedthe otherhalf of thenecessaryinfomlationto allowmeto 
operate with confidence and ease. 

07. Yes. 

08. Yes. 

09. Yes. 

10.Yes. 

11. Yes. 

5. How could the generic sectorbe improved? 

01. For people to learn it, it's pretty good. 

02 

a)Make it easierto moveleaderlines. 

b) Createa little morespacefor strips. 

c) Havea foot pedal. 

d) Theairspaceis fine. 
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03. No response. 

04. Freq'sN/E-odd (ncc) 135.0/(ncc) 137.0S/W-even(scc) 136.0/(scc) 138.0 

05. Blank. 

06. I do not think it would need any further improvement at this time. 

07. Add in someoverflights. 

08. Transfer of departurescould be sooner. 

09. Needa foot pedal. 

10.No improvementsneeded. 

11. I don't know how you could take a unfamiliar sectorand make it any easierthan it is. 
The standardclimbs and descentsmade it very easyalong with names(intersections, arps, 
etc.) and the north, south setup. 

6. Did the ATWIT device interfere with controlling traffic on either sector? 

01. No. 

02. No. would disregard it for a secondor two if I had a priority to work on. 

03. No response. 

04. No. 

OS.No 

06. No. 

07. No, we usedthe sameequipmentin the previous project and it's fairly automatic now, I 
didn't really evennotice that I was responding. 

08. No. 

09. No 

ID.No. 

II. No. 

7. How well did the pseudo-pilots respondto your clearancesin terms of traffic movement and 
call-backs? 

01.Fair, theywe'renew. 

02. Theyweregood exceptfor 1 problem. 

03. No response. 

04. Very well, excellent. 

05. Pseudo-pilots did a very good job. 

06. Excellent 

E-3 



07. Very well, they did an excellentjob. 

08. Responsewas very good. 

09. Goodjob. 

10. 95% correct. 

1.Very goodjob 

8. Do you have any other comments about your experiencesduring the simulation? 

01. I enjoyed this one. 

02. No 

03. No response. 

04. I enjoyed it a greatdeal! 

05.Blank. 

06. No. 

07. Justthat I'm anxiousto seetheresults! 

08. Blank 

09. No. Nice system 

10. Having intersections 10 miles from the OIM on all ll.-S apch'shelped greatly 
need a foot pedal with all the writing and strip managementthat is necessary! 

You do 

I. No. 
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